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| BS8110
Material Properties BS8110 W=
Characteristic strength of concrete (PT beam and slab), fo, / fu | fc‘ 35 w28 \L'N/mm2 0
Note require fo, = 40N/mm? (pre-T) or 35N/mm? (post-T) cl.4.1.8.1 BS8110, usually 40N/mm?, < 105N/m
Characteristic strength of concrete at transfer (PT beam and slab),| 25 w20 ¥ N/mm? o
Note require f, = 25N/mm? cl.4.1.8.1 BS8110, usually 25N/mm?;
Characteristic strength of concrete (column), fo, / fo | o' (fou < 10540 v |32 \1 N/mm? O
Yield strength of longitudinal steel, f, Higher | ¥ |460 |V N/mm? Foreword
Yield strength of shear link steel, f,, Higher | W | 460 \L N/mm? cl.4.3.8.1
Type of concrete and density, pc Normal Weight 25kN/m3 3 25/ kN/m?
Creep modulus factor, Cyr Storage loading, CMF=1/[1+f=2.0] v
T Il Uncracked, Eincracked,2s = 20kN/mm? + 0.2f., | 100% 1\ GPa .2 BS811(
ET L M ET. ) Uncracked long term (creep), Euncracked,28,cp = Cme-Euncrac *Mi1} GPa
SER Il Cracked, Eqc = Eyncracked,2s - [0-5-1.0 beam, 0.5-1.0 slab] 0% Crack w 1] GPa 8.3 BS811
WL -5 cked long term (creep), Eck,cp = Euncracked,28,cp - [0.5—1.\ Ml GPa .8.3 BS811
Uncracked, Eyncracked,28 = 20kN/mm? + 0.2f, 100% Ml GPa 7.2 BS811(
CECI,:;::: Uncracked long term (creep), Eyncracked,28,cp = Cmr-Euncracked.2 :Mc) GPa
Modulus Cracked, Ec = Euncracked,2s - [0.5-1.0 column] 0% Crack w Ml GPa
Cracked long term (creep), Ec,cp = Euncracked,28,cp - [0.5-1. :Jcd GPa
| | | |
TLS, SLS and ULS Load Combination Factors BS8110 | W
DL+SDL [G] and LL [Q] factors for ULS, kg and kq 40 60 cl.2.4.3.1.1
DL [S] and P' factors for TLS (E/L and P/E only, not S/E), ks and k; DQO
Pattern loading sag factor for ULS (Msag,uLs,e/e for continuous only), Kear DO cl.4.3.3
| | |
Prestress Characteristics and Criteria BS8110 | W
Pre-tension or post-tension ? Post-Tension W
Prestress tendon(s) bonded or unbonded (post-tension only) ? Bonded v
Serviceability classification ‘ ‘ ‘ Class 3 (Partial Prestressing) v
Flat slab hogging moment stress concentration Beam, One-Way or Two-Way Slab ¥ |
Class 1 |No flexural tensile stresses (| N/A v
Class 2 |Flexural tensile stresses, uncracked (no visible cracking);
Class 3 |Flexural tensile stresses, cracked (| <=0.2mm normal crack widths
TLS permissible comp o, f'hax C,- /fq'=
All Classes f'max = 0.50f or {0.24f. hog, 0.33f. sag} for FTW-FS-DS cl.4.3.5.1
TLS permissible tens o, ' ¥ N/ mm?
Class 1 f mn = -1.0 S N/mm? cl.4.3.5.2
Class 2 f'min = —0.45V fo (pre-T), —0.36 V'f. (post-T) SLGIN/mm? [ cl4.3.5.2
Class 3 fmin = —0.25f.; or —0.45 V' f; for FTW-FS-DS Sl N/mm? cl.4.3.5.2
SLS permissible comp o, fmax W] N/ mm?
All Classes fmax = 0.33f, (s/s, cont sag, cant), 0.40f., (cont hog) or {0.24f., hog, 0.33f|cl.4.3.4.2
SLS permissible tens o, fuin -0.45 -0.45 RiiWAL N WA N/mm?>
Class 1 fmin = —0.0 IN/mm? [cl4.3.4.3
Class 2 fumin,fcu <sonymmz = —0.45%V fo, (pre-T), —0.36 V'fq, (post- 2 N/mm? cl.4.3.4.3
Fin reussonymmz = —0.23 (Fey )% (pre-T), —0.18 (fo,)?? NIN/mm?  [l.8.1 TR.49
Class 3 fumin,rcu<onymmz = MAX{ —0.25fc,, —f (T.4.2, T. 227N/ mm? cl.4.3.4.3
f min, feu =60n/mm2 = MAX{ —0.25f,, —f (T.9) —[4 WZNIN/mm?2  [L.8.1 TR.49
Note by convention, positive stress is compressive and negative st
Note for flat slabs, if the full tributary width flat slab design strip (FTW-FS-DS) is employed, then td.6.10.1 TR.;
account for the non-uniformity of bending moments across the panel width, whenever more onerous, adopt for
(i) BD: permissible compressive stress [f max,fmax]=1{0.24f cj;cu hog, 0.33f iy Sag} T.2 TR.43
BD: permissible tensile stress [F min,fmin]={ —0.45 V fejjcu hog, —0.45V feiyey SaG}> T.2 TR.43
(ii) Un-BD: permissible compressive stress [f' max,fmax]={0.24f /e, hog, 0.33f sy, sag} T.2 TR.43
Un-BD: permissible tensile stress [f min,fmin]={ —0.45V foey hog, —0.45V ey sag} assu|T.2 TR.43
| | | | | | |
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| BS8110
Section Dimensions BS8110 W
Span, L (usually = 7.0m s/s or cont and = 3.5m cant c/.3.1 TR.43) 10.000|m
Available beam spacing, s, ‘ ‘ 5.000(m
(effective width calcs, section properties flanged beam, usual spacing for interior beams, half for edge beams)
Section type at TLS ‘ T - Section v o
Section type at (SLS/ULS) T - Section A4 o
(section type for section properties, bending calcs) \ :
Support condition (and continuous end span moment ?j N/A : Continuous hd 0
(support condition for LTB restraint, effective width, prestress [x=0] |Continues W
force losses, action effects, deflection, longitudinal shear calcs) [x=L] | Continues Ed
Design section hogging or sagging moment ? Hogging Moment v C

(incorporation of relevant action effects into and/or choice of equations for physical tendon

profile, allowable range of P,, max economic P,, stress check equations, Magnel Diagram,

allowable tendon profile, bending design,; simply supported supports sagging moment only,

continuous supports hogging and sagging moments and cantilever supports hogging moment only)

Section Type and Support Condition Option Selection

Downstand Beam

Support Effect Slab Type Defl'n
S/S Sag Precast Rect Yes
S/S Sag Insitu T/L Yes
Cont. Sag Precast Rect Yes
Cont. Sag Insitu T/L Yes
Cont. Hog Precast Rect Yes
Cont. Hog Insitu T/L* Yes
Cant. Hog Precast Rect Yes
Cant. Hog Insitu T/L*! Yes

#1 Note that in the case that hogging with T/L- section is selected, the following parameters
assume properties of a rect- section:- bending parameters 0.9x < h¢ check and F .,

Overall depth, h (includes insitu slab thickness; {beam L/30, slab L/40} cont) 1000@

Note minimum practical slab thickness to strand no.s are 130mm for 2, 140mm for 3 and 150mm for 4-5;

Overall span-to-depth scheme suggested depth ‘ ‘ ‘ 500/ mm
Note s/s, cont h ~ L/25+100mm (L < 36m), h ~ L/20 (L > 36m),; Note cant h ~ L/8; MOSLEY
Note usually h ~ 70% of equivalent non-prestressed member; \ cl.6.4 TR.43
Depth of flange, h¢ ‘ ‘ ‘ ‘ 200/mm
(section properties flanged beam, bending flanged beam, longitudinal shear calcs) \
Width (rectangular) or web width (flanged), b, 500{mm
Cover to all reinforcement, cover (usually 35 (C35) or 30 (C40) internal; 40 e! 41|/mm T.4.8
Add cover (due to transverse steel layer(s)), coveryyq 0/mm

| | |
Column Section Dimensions (for Punching Shear (‘:hecks) BS8110 W
Column section type, position and orientation Rectangular W | Interior Ihd
Design strip direction ‘ Alongh W
Depth, h (rect.) or dia., D (circ.) 800|mm
Width, b (rect.) or N/A (circ.) 800|mm

Column head dim. beyond column face, lyface 0/mm

Column head depth, d;, ‘ ‘ 0/mm
3 Column head actual depth (rect.), lygn = h + (1 or 2).lpce OF actua 800|mm

- Column head actual width (rect.), lhgp = b + (1 or 2).lytace OF N/A (0 800/ mm

Column head max. depth (rect.), lhmax,n = h + 2.(dy-40) or max. di 720/mm

Column head max. width (rect.), lhmax,o = b + 2.(dn-40) or N/A (cir 720|mm
Column head eff. depth (rect.), Inn = MIN (lho n, Ihmax,n) OF eff. dia. (circ.), lyp : 800|mm
Column head eff. width (rect.), ln, = MIN (lho,b, Ihmax,6) OF N/A (circ.) 800/ mm

| | | | |
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| BS8110
Type of Construction BS8110 t
Type of construction Type IV - Insitu Beam v
Type I Type II TypelIll TypelV TypeV

Insitu Insitu Precast Insitu Insitu
Input Item Transfer Bridge Transfer
Slab Beam
Slab Beam Beam
>25MP >25MP >35MP >25MP >25MP
Concrete grade (cube) at TLS and (SLS/ULS) a d a a d
>35MPa | =235MPa | 235MPa | 235MPa | 235MPa
Section type at TLS and (SLS/ULS) Rector | Rect or Rect T/L T/L
T/L T/L
Normal | Storage Normal Normal | Storage
C lus fact
reep modulus factor, Cyr Loading | Loading | Loading | Loading | Loading
Banding of prestress tendons and/or longitudinal steel | Banded Banded Not Not Not
(hogging and sagging) Flat Slab | Flat Slab | Banded Banded Banded
ULy, STG(i-1) DLh +
Dead load, DL (on plan), DL, -orDL, | or DL, + - DL,
NI DLV,STG(i-l)
SDTR T SDLTR T
Superimposed dead load, SDL (on plan), SDL;, SDL, SDL, sta(- | DLh+SDL;, SDL,;, SDL, staqi-
LLy, + LL, +
Live load, LL (on plan), LLy, LL, n LL;, LL;, h
LLy, st(i-1) LLy st(i-1)
Dead IOad, DL (On plan), DL, - DLV,STG(i) - - DLV,STG(i)
Superimposed dead load, SDL (on plan), SDL, - SDL, sta) - - SDL, staq)
Live load LL (on plan), LL, - LLy,sTa(i) - - LLy sta(i)
Longitudinal shear between web and flange ? Ignor_e or Ignor_e or Ignore | Consider | Consider
Consider | Consider

Note STG(i) refers to prestressing stage(i) where i=1,2,3...; Note STG(0) refers to nothing;
Dual-Cast and Multi-Stage Stressing Construction (Insitu Transfer Slab Without Slab Band|Bs3110 t
Note dual-cast and/or multi-stage stressing construction may also apply to Insitu Transfer Slab
flat slab with slab band and Insitu Transfer Beam, these however not illustrated herein;
Single-cast or dual-cast construction N/A w | N/A hd
Additional bottom compressive stress at TLS and (SLS/ULS) 0.0|N/mm?

Second-Cast, C2
Stage 1

Casting Sequence First-Cast, C1

I t It
nput ttem Stressing Stage

Stage 2,3..

Concrete grade (cube) at TLS >25MPa >25MPa >35MPa
Concrete grade (cube) at (SLS/ULS) >25MPa >35MPa >35MPa
Creep modulus factor, Cye Normal Loading Storage Loading Storage Loading
Overall depth, h hey = hey/3 he, hco
Tendons [Nt X Ngcy [Nt X Nglcz,s1601) Z[Nt X Nglsta(1,2,3.)
Tendon profile Within h¢y Within he, Within he;
Additional bottom compressive stress ON/mm? >0N/mm? >0N/mm?

DL (on plan), DL, - - DLy, s16(1,2.))
SDL (on plan), SDL, ([DLplco—[DLplc1)/tw SDL, SDLy, + SDL, st6(1,2.)
LL (on plan), LL; 1.5kPa LLy LLy + LLy sta(1,2.)
DL (on plan), DL, - DL, ste(1) DL, s16(2,3.)
SDL (on plan), SDL, - SDL, st6(1) SDL, s16(2,3..)

LL (on plan), LL, - LLy ste() LLy s16(2,3.)
Note if only single-cast, refer to second-cast, C2 only;

Note if on/)‘/ single-stage stressing, refer to stage 1 stre‘ssing only;
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BS8110
Section Properties BS8110 t
[BS8110] W TLS SLS/ULS)
Effective width, b = MIN(b,, + function (span, section, structure), t 1901 1901 |mm
(section properties flanged beam, bending flanged beam)
[BS8110] | b=b,+L/(5~7.14)|b ,+L/(10~14.29)<s, 1901 1901 |mm cl.3.4.1.5
[1S456] b=b,+6hs+k,L/6|b,+3h+k L/12<s, 2867 2867 |mm cl.23.1.2
[EN1992] IIN{(0.1~0.2)(sp-b, )+0.1kyL,0.2k 3 L}<s}, 1700 1700 |mm cl.5.3.2.1
[ACI318] |, +MIN{16h:,L/4}|b, +MIN{6h L/12}<s, 3000 3000 \mm cl.6.3.2.1
[AS3600] | b=b,+L/(5~7.14)|b,+L/(10~14.29)<s, 1901 1901 |mm cl.8.8.2
Beam area, Aris/sis/uLs) 100% 100% 4000 4000 [Nk
Rectangular section, A risysisyus)y = bw.h ‘ N/A N/A|cm?
T-section, A rsysisis) = h.b +((beam spacing)-b , ).h 14000 14000|cm?
L-section, A risysisus) = (beam spacing).h ¢+(h-h¢).b, N/A N/A|cm?
Beam centroid, X tis/sLs/uLs) ‘ 100% 100% mmm
Note that the centroid, X .r.s/sis/us) IS measured from the top face of the beam section;
Rectangular section, X . ris/sisyus)y = h/2 ‘ N/A N/Amm
T-section, X crisysisyus) = h-((b.h¢).(h-h ¢/2)+(h-h¢)? 356 356/mm
L-section, X . 1is/sisyus) = h-((b.h¢).(h-h¢/2)+(h-h¢) 2 N/A N/A|mm
Beam second moment of area, Irs/sisuLs) 100% 100% x10*cm*
Rectangular section, I .sysisjus) = bw-h>/12 N/A N/A|x10*cm*
T-section, I s/ sisqus) = (b.(h¢)?+b,,.(h-h¢)>)/12+b.) 713 713|x10%cm?*
L-section, I sysispns) = 1/12.b,,.h> +b . h.((h-X c 15/ N/A N/A x10*cm?*

Note that for simplicity, for all classes, the modification to section properties that affects both stress

estimations (adversely in E/E and favourably in E/L computations) and deflections not performed herewith;

Note that for Class 3, although cracking is allowed it is assumed that the section is uncracked,; cl.4.3.4.3 BS8

Note that for Class C, stresses at SLS shall be calculated using the cracked transformed sectiongl.24.5.2.3 ACI|

Note however that modifications to the elastic modulus E as the method to account for cracked

deflections indeed performed herewith in the deflection calculation subsection;

Beam tOp elastic section modulus, Zt,TLS/(SLS/ULS) = ITLS/(SLS/ULS) / XC,Tl 200 X103cm3

Min beam top elastic section modulus at design section, Z; 1is,sLsul x103cm?

Min beam top elastic section modulus at design section, Z 1issLsul

Min beam top elastic section modulus at design section utilisation

Beam bottom elastic section modulus, Zy s/s.suLs) = Lris/sisiuis) / 111 PNk

Min beam bottom elastic section modulus at design section, Z;, 1.5/ o2 x10°cm’

Min beam bottom elastic section modulus at design section, Z,, .5/ 60 Peluien

Min beam bottom elastic section modulus at design section utilisati

Note that in the above inequa/ities, M pin = MTLS,E/E + MTLS,S/E and M max = MSLS,E/E + MSLS,S/E;

Note that contrary to bending effects, there is no effective width for axial prestress effects as

the entire width of the section (to the limit of the beam spacing) becomes mobilised (Aalami, 2014).

Note that furthermore, if the FE analysis method is employed (as opposed to the equivalent frame

method), the combined bending and axial stresses are calculated without the necessity to use the

effective width concept as long as the FE analysis formulation correctly models the offset of the

slab with respect to the centroid of the beam (Aalami, 2014). The difference lies in the fact that

the equivalent frame method calculates the stresses from the axial forces and bending moments

(utilising the section area and effective width respectively), whilst the FE analysis method obtains

the stresses (with an explicitly defined sectional geometry) as part of its analysis post-processing

and in turn integrates them to yield the design strip axial forces and bending moments;
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| BS8110

Code of Practice BS8110 t

BS8110 | W

Code of practice adopted ‘

Design and Critical Section Definition

Note in this spreadsheet, unless noted otherwise, design section refers to the (moment)

design section and not the (shear) design section which in general is at a different location.

This design section is located at the mid-span for simply supported beams, the LHS support

or at / near the mid-span for continuous beams and the LHS support for cantilever beams.

The critical section on the other hand, refers to the (shear) critical section which is the

LHS support for all simply-supported, continuous and cantilever beams;

Limitations

Section properties do not consider the transformed section.

Flanged option only caters for downstand sections, not upstand sections.

3 |Untensioned reinforcement is always exterior to the prestressed tendon(s);

Material Stress-Strain Curves
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Figure 2.1 — Short term design stress-strain curve for normal-weight t:nnnrntel
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Figure 2.3 — Short term design stress-strain curve for prestressing tendons
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| | | | | BS8110
Prestress Reinforcement and Physical Tendon Profile BS8110 t
\ \ \ \ \

| Strand
D | Note that bonded tendons are placed in metal ducts which are

/ e ™, Duct cement grouted to ensure bond and corrosion protection.

. /f\ <_\‘ ' \ e ||Unbonded tendons are protected with a layer of grease for

| f | e | | corrosion protection inside a plastic sheath (note PVC should

e ! \ %ﬁ% /"' —Hl_dom I not be used as the plastic sheath) (cl.4.2.2 TR.43); 1
[ ] | |
- ——— l  Wires — Strands H Tendon = Duct + Strands
Banding of prestress tendons 100%| tendons | within 1.00@
Number of prestress tendon(s), Nt \ 1
Prestress tendon(s) size (maximum no. of strands) 12 v
Number of prestress strands per prestress tendon, Ng 12 \z
Note N ¢ could be 12 for PT transfer beams or PT transfer slabs whilst is usually 3 to 5 for PT slabs;
Total number of prestress strands, Nt.Ng \ \ ]
Duct (external) diameter, Dty and Dty 100% 100% 87 87 /mm
Prestress strands code, grade and ¢ \ [ASTM A416] Grade 270 d = 15.24mm 4
Note usually [BS5896] 7-wire super d=12.9mm / 15.7mm or [ASTM A416] Grade 270 d=12.7mm / 15.2mm);
Prestress strands nominal diameter, ¢ 15.24|mm
Prestress strands nominal area, A 140.00|mm?
Elastic modulus of prestress strand, E, 186.0|GPa
Ultimate (characteristic) tensile strength of prestress strand, fy, 1860|N/mm?
Proof (0.1%) strength of prestress strand, f, .1 1670|N/mm?
Ultimate (characteristic) tensile load of prestress strand, Fy 260.7 kN
Proof (0.1%) load of prestress strand, Fp .1 \ 234.6 kN
Number of layers of prestress tendon(s), Njayers et 1|layer(s)
Spacer for prestress tendon(s), s;pr = MAX (2Dt pre-T or D1y post-T, 40mm 87|/mm 12.4.3 BS8
Top limit of (negative) physical eccentricity of prestress tendon(s), €min ¢ -197 | mm
Note € mine = (X ¢(sisyus) -cover-MAX( ¢, COVEr aqq )-[D 1,v +(N jayers,er =1)(D 1,y +S 1,p7 )J/2-[ ¢ +(N jayers,tens ~1)( Pt
Bottom limit of (positive) physical eccentricity of prestress tendon(s), €max,» \ 525/mm

Note e max,b = h-x ¢,(SLS/ULS) -cover- ¢link '[D T,V +(n /ayers,PT'l)(D T,V +Ss r,PT)]/Z'[ ¢t +(n layers,tens '1)( ¢t +s r,tens )] [eXte
Note by convention, e is positive downwards, measured from the ¢

Physical eccentricity of prestress tendon(s) at design section, eyog -196 -196/mm
Physical eccentricity of prestress tendon(s) at design section, egag 524 524|mm
Note by convention, e is positive downwards, measured from the centroid of the TLS/(SLS/ULS) section;
Note ensure (€ pint < €poc and €sac < € maxp); \

Physical eccentricity of prestress tendon(s) at design section utilisation 100% _ OK

|| L
Dimension,‘ d: Continues W 840|mm
Dimension, q, 120{mm
Dimension, g3 (N/A if cantilever) Continues E 100% 840|mm
Dimension, L ‘ ‘ 10000/ mm
Dimension, p; 10%L 1000|mm
Dimension, p, (N/A if cantilever) 10%L 1000|mm

| | | |
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BS8110
BS8110 t

Coefficient, | = q;—q5 (note I=N/A if cantilever) 0O/mm
Coefficient, m = (p,-2L).(q:-92)+p1.(g5-9>) (note m=N/A if cantile| -1.3E+07|mm?
Coefficient, n = (q1—q»).(L-p,).L (note n=N/A if cantilever) 6.5E+10 mm?
Dimension, L' = [-m-V(m?-41.n)]/(2!) (note L'=L/2 if 1=0 or L if car 5000 mm
Dimension, a; = (q;-9,).p4/L' ‘ ‘ ‘ 144 /mm
Dimension, a, = (q3—q,).p>/(L-L") (note a,=N/A if cantilever) 144 mm

Physical Eccentricity of Prestress Tendon(s) at All Sections, e,
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667 4.556 m

€uar
Dist, x 5.444 6.333 7.222 8.111 9.000 9.500 10.000 m
€var 517 460 346 175 -52 -160 -196  [mm

Note by convention, e - is positive downwards, measured from the centroid of the (SLS/ULS) section;
Note tendon profile equations are as follows: -

ifx <p;thene,, =a;/p:°.(x)°+h-q ;X sisus),
ifx <=L'thene,, = —(q:1-a;-G2)/(L'-p1)°.(L'-x)° +h -G 5 ~X o (sis/uis),
ifx<=L-p,thene,, = —(q3-a>-q2)/(L —L'—Pz)z-(X—L')z +h-q>—Xsispuis),

ifx>1L —P‘z then evar‘ = az/Pzz-‘(L -x)° +h ‘_q_?_xc,(SLS‘/ULS)/'

- Physical Tendon Profile -

|| ;A -400 B
= -20

| g E % 2.000 4.000 6.000 8.000 .000 12.p00 |

— .E \: 0 ||

a8 & 200

i 400 o

[ 600 [ |

| Distance, x (m) |

[ @» ¢=» ¢ (at design section) — e evar (at all sections) |

10 I7 ] [ [ [

Physical eccentricity of prestress tendon(s) at all sections, MIN (enog, €var) -196 mm

Physical eccentricity of prestress tendon(s) at all sections, MAX (€sag, €var) 524/mm

Note by convention, e is positive downwards, measured from the centroid of the (SLS/ULS) section;
Note ensure (€ min: < MIN (€ ,,.)) and (MAX (€ yar) < € maxp); ‘

Physical eccentricity of prestress tendon(s) at all sections utilisation D0% O
Longitudinal and Shear Reinforcement Details BS8110 W=
Elastic modulus of longitudinal reinforcement, E 200.0‘GPa

Banding of longitudinal steel (hogging) 100%]| rebar within 1.00|by

Banding of longitudinal steel (sagging) 100%| rebar within 1.00|b,

Untensioned steel reinforcement diameter, ¢, 20 tl 25 \Lﬂmm
10 5

Untensioned steel reinforcement number, nt‘

Untensioned steel area provided, As prov = nt.n.¢t2/4 3142 2454 G
Number of layers of untensioned steel, Njyers tens 2 1|layer(s) OK
Spacer for untensioned steel, S;tens = MAX (¢, 25mm) 25\ 25/mm

Shear link diameter, ¢k
Number of links in a cross section, i.e. number of legs, njq

Area provided by all links in a cross-section, Agy prov = n.¢|inkz/4.n|eq
Pitch of links, S | |
NO., N3 | @rea, Asvprov2/3 = Nizs3-Teink /4 N/A N/A [lnk
No., Ni,a/5 | area, Asv,prov,4/5 = I’1I,4/5-7'17-(1)Iink2/4' N/A N/A mm2
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| BS8110

External Loading

Note for UDLs (DL, SDL and LL) only uniform loading considered, no pattern loading considered;

BS8110 W=

| | | | |

External loading tributary width, t,, 5.000(m
| | {h} {v}
Dead load (on plan), {DL;, DL,} 4.50 0.00|kPa
Superimposed dead load (on plan), {SDL;, SDL,} 15.00 0.00|kPa
Live load (on plan), {LLy, LL,} | 10.00 0.00|kPa
Dead load (point load), {DLygint,ns DLpoint,yvt 0 0O|kN
Distance to DL from LHS, {a;, a,} 0.000 0.000|m
Note that DL ,n.,, complements TLS beam loading whilst DL ., does not;
Dead load of beam, DL, = h.b,,.p. 12.5|kN/m
TLS beam loading, orisge = Ks.[DLy].ty+ks.DLy A kN/m
DL+SDL beam loading, wp,+sp. = [DL,+DL,+SDL,+SDL,].t,+DL, ‘Mol KN/m
LL beam loading, o, = [LL,+LL,].t, | | X kN/m
SLS beam loading, ws s ge = [DL,+DL,+SDL,+SDL,+LL,+LL,].t,+DLy JoM kN/m
ULS beam loading, oy.s,ee = [Ke.(DLy+DL,+SDL,+SDL, ) +kq.(LLy+1 77.2 Ml KN/m C
| | | | | |
Prestress Force at SLS (With Restraint, With Long Term Losses) BS8110 W=
Prestress force at SLS (w. restraint, w. LT losses), KP, kN
Prestress force at transfer (w. restraint, w.o. ST losses), Pq kN
Prestress force losses factor, K
Effective (long-term) stress, fe = %.Kfy N/mm?
Note f. usually 1100 to 1200N/mm? for bonded and unbonded tendons respectively (Aalami, 2014);
Percentage of Load Balancing at SLS BS8110 W
SLS equivalent load, wsis g1 mm/m
S/S. |osis,en = —8KPg.eq/s” N/A kN/m
Cont. |og s = —8KPg.eq/s” -131.0/kN/m
Cant. |wg s g = —2KPg.e4/s” N/A|kN/m
Note that the equivalent load calculation includes the support peak tendon reverse curvature;
Percentage of load balancing at SLS basis \ \ SLS v H
Percentage of load balancing at SLS, |wss g/ |/®71is,e/e/pL+5DL/5LS,E/E 0/o
of TLS beam loading, orsee + Dlponn/L | 35.0 4%
of DL+SDL beam loading, opi+sp. + DLpoint,n/L + Dlpoint, 110.0 09/
of SLS beam loading, wsis,e/e + DLpoint,n/L + DLpgine, /L 160.0 B29%
Distance between points of inflexion, s 000 8.000 000 Il
5/S. |s={2p; (I-sup), L-p;-p, (span), 2p, (r-sup)} N/A N/A N/Am
Cont. |s={2p; (I-sup), L-p;—p> (span), 2p, (r-sup)?} 2.000 8.000 2.000/m
Cant. |s={2p; (I-sup), L-p; (span), N/A (r-sup)} N/A N/A N/A|m
Total drape between points of inflexion, eq4 44 5 ¥y mm
S/S. |eq={a; (I-sup), ec—[eg+epl/2 (span), a, (r-si N/A N/A N/A|mm
Cont. |eq={a; (I-sup), ec—[eg+epl/2 (span), a, (r-si 144 576 144 mm
Cant. |eq={a; (I-sup), ec—eg (span), N/A (r-sup)} N/A N/A N/A|mm
Eccentricity, ex = e,(x=0) -196 mm
Eccentricity, eg = eyo(X=p1) -52{mm
Eccentricity, ec = eya(x=L") (ear(x=L) if cantilever) 524|mm
Eccentricity, ep = e s (X=L-p,) (N/A if cantilever) -52/mm
Eccentricity, eg = e 5 (x=L) (N/A if cantilever) -196/mm
Percentage of load balancing at SLS utilisation, |osis g/.|/®7Ls g/e/pL+5DL/SLS,E/E 82% _ (0] [




Prestress force at transfer (w. restraint, w. ST losses), P'
Note max allowable prestress force at transfer (w. restraint, w. ST losses), P'< 75%.(Nr.Ns.F);
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| | | | | BS8110

Prestress Force at TLS (With Restraint, With Short Term Losses) BS8110 t

| 2116[Q

Max allowable prestress force at transfer (w. restraint, w. ST losses) utilisatior

Prestress Force at TLS (With Restraint, Without Short Term Losses)

Prestress force at transfer (w.o. restraint, w.o. ST losses), P free

Percentage of tensile capacity, % (Po,fee < 80%.(Nt.Ns.Fpi) cl.4.7.1)

Total restraint force, H;

‘ Exclude

v

| 234610

Note prestress force at transfer (w.o. restraint, w.o. ST losses), P fee = %.(N7.Ns.Fp);

50 KT

1] kKN

Note calculate UTs for cases with / without restraint to prestress force;
] ] ] ]

84

Statianary

82 Paint

/]

5}

O\

I
[=

(a) Symmetrical floor supported on columns

Stal rnnarv
Poi

& L)

e

Lift
Shaft,

riw

'z

[_7

L I

(b) Floor supported by columns and lifi shaft at ene end

Note the total tension in the floor due to the restraint to H, = 12E.I9;

shor_tening is _the sum of all the column forces to one side of the {hd}s

stationary point, i.e. in (a) H; + H, and in (b) H; + H, + H;

(cl.3.3 TR.43); Note restraint force is due to floor shortening

which is a resg/t of elastic shortening due to the prestress force, 5. = grxk

creep shortening due to the prestress force and concrete

Total long ‘term strainl EIT = Ees +‘ Ep + Esh 1486 PN /.3.3 TR.43

Elastic shortening strain, ees 396/x10°
Note ses = 0es / Euncracked,ZB =[(P O,free/A ns)-(1 +62A ns/Ins)l/ Euncracked,ZB MOSLEY
noting that e above is taken as MAX[|€ noc |, 1€ sac |J;
Creep strain, e, ‘ ‘ 990|x107°
Note creep strain, s, = 2.5¢cs; cl.3.3 TR.43
Shrinkage strain, &, ‘ ‘ 100{x10°®
Note &, usually 100x10°° for UK outdoor exposure conditions; cl.4.8.4

8i,es

(m)

Column Restraints

I
(m*)

8i,z:p+sh

(m)

Ec,es

(GPa)

Ec,cp+sh

(GPa)

Note &, usually 300x10°° for UK indoor exposure conditions;

hcoI

(m)

No.1| 13.300 0.005 0.015 0.0500

No.2| 13.300 0.005 0.015 0.0500 28.0 9.3
No.3] 0.000 0.000 0.000 0.0000 28.0 9.3
No.4| 0.000 0.000 0.000 0.0000 28.0 9.3
No.5| 0.000 0.000 0.000 0.0000 28.0 9.3
No.6] 0.000 0.000 0.000 0.0000 28.0 9.3

Prestress force at transfer (w. restraint, w.o.

ST losses), P,

Note prestress force a

t transfer (

w. restraint, w.o. ST losses), P, = MAX (P o free

cl.4.8.4

- ZHI/ 0)/
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| | BS8110

Prestress Force Losses

Prestress force (total) losses factor, K = (Py — P.) / Pg

Note prestress force (total) losses factor, K is usually 0.70 i.e. 30% to 0.80 i.e. 20% (cl.6.8 TR.43);

BS8110 W=

Prestress force (total) loss, P. = P pr + P es + PLcc + P + Pics |Inc|ude v kN
Prestress force loss due to duct friction, P p¢ 199 kN
Prestress force loss due to elastic shortening, P s 32|kN
Prestress force loss due to concrete creep, P\ cc 109|kN
Prestress force loss due to tendon relaxation, P 1r 156 kN
Prestress force loss due to concrete shrinkage, P cs 31|kN
| | | |

Prestress force (short term) losses factor, (Po — P pr — PLes) / Po

Note prestress force (short term) losses factor, (Po — P pr — Pres)/ Po is usually 0.90 i.e. 10% (¢

Prestress force (short term) loss, P st = P pr + PLes ‘ |Inc|ude v kN
Prestress force loss due to duct friction, P p¢ 199|kN
Prestress force loss due to elastic shortening, P s 32/kN
Prestress Force Loss due to Duct Friction (Short Term) (Post-Tension Only)
Prestress force loss due to duct friction, P pf 100% m kN cl.4.9
PL'DF _ PO (1 _ e—(|.t><lrpS +kx))
Note x = {L/2 simply supported, L/2 continuous, L cantilever}
Coefficient of friction, u (usually 0.25 BD, 0.07 un-BD (Aalami, 201 0.25|/rad cl.4.9.4.3
‘ Lightly-rusted strand in galvanized steel duct: 0.25 v ‘
Wobble factor, k (usually 46x10™*rad/m (Aalami, 2014)) 33|x10™rad/m cl.4.9.3.3
| General: 33x10-4 v ‘
Tendon curvature, C | | | | 28.800|x10°®
simply supported )
Pl . PP cantilever
continuous
C= hogging/ sagging hogging / sagging
|MAX(eSAG’ Cyar ) - IVIII\I(eHOG 1 ©yar ) ’I\/I'A\>((eSAG7 €ar ) —Mi I\I(eHOG' Crar )
(L/2) L®
Tendon radius of curvature, rp 17.4/m
_— 1 1
P* d’y/dx®* 2C
Prestress Force Loss due to Elastic Shortening of Concrete (Short Term)
Prestress force loss due to elastic shortening of concrete, P gs 100% hkN cl.4.8.3
P
Mles =P~ o (5MAX(| lecacl)/8)° A
E . e le )
1+ factor. e NeNeAs 1y, HoolI7oAS e
uncracked,28, transfer ATLS ITLS
1.0 Pre-Tension
factor = )
0.5 Post-Tension
T T T T
Beam and slab uncracked elastic modulus at transfer, E 100% 25.0|GPa .2 BS811(
Reduced prestress force after ST losses, P' = Py — (P_pr + PLgs) J kN
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BS8110

BS8110 W=

Prestress Force Loss due to Concrete Creep Under Sustained Compression (Long Term)

Prestress force loss due to concrete creep, P cc kN cl.4.8.5
2
N NA 5 (S'MAX( ‘) / 8) AsLsns) )
Pecc=E,,—>—=P" |1+ .
A I(SLSIULS) Euncracked,zs
\
Creep coefficient, ¢ 2.0
Note ¢ usually 1.8 for 3-day transfer, 1.4 for 28-day transfer for UK outdoor exposure cq cl.4.8.5.2
30 year creep coefficient| Indoor Outdoor ) ) )
), for an atfective secton <ol £xposire Note the effective thickness is
5o 1 300 T ae0 ! : taken as twice the cross
N T sectional area divided by the
Feoq g, LIS . ir_
* ] 1 Age o
[ -F 25 “ \r\\ mysf\; s -
30 | i I~~~ ]
™ 28
T o S i \\>\1\$§k\
15 L 10 4 e ~—{_1 \
Fo 7 P e o] PN
10 ! \.\j\\
os I 0s 4+ 05 } }
i |
20 30 40 l S0 60 70 80 l 90 100
Ambient relative humidity %
Prestress Force Loss due to Tendon Relaxation Under Sustained Tension (Long Term)
Prestress force loss due to tendon relaxation, P tr J kN cl.4.8.2
70% —P'/(N; N, F,, )x100%
P = =MAX]| 0.0, 0.08-0.08
' 70% — 40%
Prestress Force Loss due to Concrete Shrinkage (Long Term)
Prestress force loss due to concrete shrinkage, P\ cs kN cl.4.8.4
Ples = Ssh'Ep'NT'NS'AS
\
Shrinkage strain, &g, 100|x10°®
Note &, usually 100x10°° for UK outdoor exposure conditions; cl.4.8.4
Note &, usually 300x10°° for UK indoor exposure conditions; cl.4.8.4

30 year 6 month
shr.nku?e x 108 shrinkage x 10¢
.:naan ."n.:(i:n.:s Outdoor 'r:h:\ !’h‘l(k!”;u
(mm)of Indoor exposure lr:m) of
150 [ 300 | 600 exposure in the UK 150 7300 600
P T T T
[1 200~ is
40013501 X ———1 ~100-
| [75°  -401
|
k3504 3002501 ! ! -875-
1 \ : 150~ 35
300 11 ! ! -750
2501 2001 i ! ‘ izs- =30
Lasod | i ! 625
e T T =—1100- %
2004 [1501 | \ f\! 7500~ .4
1504 I S— ﬂ[L*” 1 ! 7 ﬁ>75<375
1597 Lyoo : | L ! 15 4
100 ‘ T e
L1004 | [ 1250
_2 10 |1 I \ | \ | 10
Lo 50 [ 1] || :
50 ™ [ T\ 25 4125+ 5
| | | 1
I Shrinkage | | \
Loto+o .1 L oick oo gyl
| ‘ Swellmg | ! ‘ |
| | | =
20 204200] | i l | 100 +100 $100
| ! [ 1] Ywooptwofoq

Note the effective thickness is
taken as twice the cross
sectional area divided by the

|
30 40 SO 60 70 80 90
Ambient relative humidity %

100
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Input Summary BS8110 W=

Item
Job Title 110 (EC2), ACI318, AS3600 v2024.05.xlsm
Calc Title Member Design - PC Beam and Slab
TLS SLS/ULS)
Concrete Grade (Cube) Cc25 C35
Concrete Grade (Cylinder) Cc20 C28
Pre-T or Post-T ? Bonded or Unbonded 7 Post-Tension Bonded
Serviceability Class Class 3 (Partial Prestressing)

Span and Available Beam Spacing
Support Condition Continuous
TLS SLS/ULS)
Type of Construction Type 1V - Insitu Beam
Section Type T- T - |section
Section 500 x 1000/mm
Flange Thickness 200 200 mm
Flange Effective Width 1901 1901|mm

Prestress Tendon(s) 1 layer(s) x 1 tendons x 12T15.24 Unbanded
Prestress Tendon(s) Jacking % 75.0|%
Prestress Force at TLS, Pg .. and Py 2346 2346 kN
Prestress Force at TLS, P’ losses 2116 4231 |kN|KkN/m
Prestress Force at SLS, KP, losses 1820 O KN |KN/m
Tendon | Rebar Quantity ] 161.8 [¢linG
Tendon(s) Profile, q;, q> and q3
Tendon(s) Profile, p; and p,

Tendon Termination at e ,.(x=0/L) ?

_ OTLS,E/E ®pL+SDL ®sLS,E/E _
% of Load Balancing at SLS, losise,. | ||l 374°% 119% s2% IIEEE

HOG SAG

Longitudinal Steel 2x5T20 Unbanded 1x5T25 Unbanded
Shear and Punching Shear Links No. 2T10-100 N/A\ N/A N/A N/A
Shear and Punching Shear Links Area 3,142 N/A N/A N/A N/A
End Block Links, Width, Zone Length 2T16-150 500 1000|mm
Flange Transverse Reinforcement 785/ mm?/m

Column Section Type and Size Rectangular: - 800 x 800
Column Head d;, x lface 0x0
Column Position and Orientation Interior
Design Strip Direction Along h
Punching Shear MoV ./ |Mu| ? Include

DL+SDL [G] and LL [Q] Factors for ULS
DL [S] and P' Factors for TLS
Pattern Loading Sag Factor for ULS

Dead Load
Superimposed Dead Load
Live Load

Loading Tributary Width

Elastic or Redistributed Effects _ Elastic Effects
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Utilisation Summary BS8110 W=
d Qve
Min beam top elastic section modulus at design section, Z; 45% OK
Min beam bottom elastic section modulus at design section, Z, 54% OK
Physical eccentricity of prestress tendon(s) at design section, e 100% OK
Physical eccentricity of prestress tendon(s) at all sections, e, 100% OK
Percentage of load balancing at SLS \ \ 82% OK
Max allowable prestress force at transfer (w. restraint, w. ST losses), P' 90% OK
Rect. or flgd. beam allowable range of P, (for given e) at design section 72% OK
Rect. or flgd. beam SLS stress at top at design section, f; 54% OK
Rect. or flgd. beam TLS stress at top at design section, f'; 44% OK
Rect. or flgd. beam SLS stress at bottom at design section, f, 45% OK
Rect. or flgd. beam TLS stress at bottom at design section, f'y, 82% OK
Rect. or flgd. beam TLS and SLS minimum average precompression 54% OK
Rect. or flgd. beam TLS and SLS maximum average precompression 29% OK
Rect. or flgd. beam allowable range of ecc. (for given Py) at design section, e 79% OK
Rect. or flgd. beam allowable range of ecc. (for given Pg) at all sections, e, 79% OK 0%
Rect. or flgd. beam end block design 83% OK
Rect. or flgd. beam deflection requirements 21% OK
Rect. or flgd. beam bending design capacity [EBJS[e][= Converged 84% OK
Rect. or flgd. beam bending design capacity [BEBie|[= _ 98% OK
Rect. or flgd. beam bending design capacity [\elMpI¥fe (=] Converged 63% OK
Rect. or flgd. beam bending design capacity [\[s]s Ductile_ 78% OK
Rect. or flgd. beam bending design capacity at all sectic Converged 63% OK
Rect. beam shear ultimate stress at critical section \ 64% OK
Rect. beam shear design capacity at (shear) design section 72% OK
Rect. beam shear design capacity at all sections 72% OK
Rect. beam punching shear at column face perimeter N/A OK
Rect. beam punching shear at column 1st shear perime . N/A N/A
Rect. beam punching shear at column 2nd shear perimg A N/A N/A
Rect. beam punching shear at column 3rd shear perime . N/A N/A
Rect. beam punching shear at column 4th shear perime : N/A N/A

Detailing requirements \ \
Note calculate UTs for cases with / without restraint to prestress force;

Overall utilisation Hogging Moment

Inclusion of restraint to prestress force, =H; Exclude | W
Inclusion of prestress force losses, K Include | ¥
Inclusion of secondary effects ? Include | W

% Tensioned reinforcement (rectangular or flanged)

7850 . [(N7.Ns.A;)/ by.hl; | |

% Untensioned reinforcement (rectangular or flanged) hog / sag

7850 . [(Asprov,n YA sprov,s) / bw.h + (Agy prov.(h+b , )/S) / b .h]; No curtailment; No laps;

Estimated tensioned reinforcement quantity‘ ‘ ‘ “ kg/m?>

Estimated untensioned reinforcement quantim“ kg/m’

[Note that steel quantity in kg/m?> can be obtained from 78.5 x % tendon/rebar];

Estimated tendon|steel reinforcement quantity (slabs 25|25kg/m?, transfer slabs 25|50kg/m?, beams 50|50kg

Material coconcrete, ¢ 315 units/m? ‘ tendon, t| 12500 steel, s 3600

units/tonne

Reinforced concrete material cost = [c+(est. tendon quant).t+(est. rebar qual units/m

Degree of partial prestressing, PI = N1.Ng.Aq.fo / [N1.Ng. Ag.fotAg prov-fy ]

Degree of partial prestressing, PPR = M pr / My prirc \

Max LTB stability (compression flange) restraints spacing, L 1

.4.1.6 BS8

Note s/s / cont L 75 = MIN (60(b,, or b), 250(b,, or b)?/h) and cant L ,;5 = MIN (25b,,, 100b,°/h);
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BS8110

BS8110 W=

Additional Longitudinal Shear Rectangular or Flanged Beam

Utilisation Summary

Applicability of longitudinal shear design

AYs]»

| 2778

Longitudinal shear between web and flange Consider | %
Longitudinal shear within web ‘ Consider | ¥
Length under consideration, Ax (span/2 s/s, ~span/4 cont, span cant) mm

Longitudinal Shear Between Web and Flange (EC2)

Longitudinal shear stress limit to prevent crushing \

Longitudinal shear stress limit for no transverse reinforcement

Required design transverse reinforcement per unit length

Longitudinal Shear Between Web and Flange (BS5400-4)

Longitudinal shear force limit per unit length ‘

Required nominal transverse reinforcement per unit length

Longitudinal Shear Between Web and Flange Mandatory Criteria

Longitudinal Shear Within Web (EC2)

Longitudinal shear stress limit \

Longitudinal Shear Within Web (BS8110)

Longitudinal shear stress limit for no nominal / design vertical reinforcement

Required nominal vertical reinforcement per unit length

Required design vertical reinforcement per unit length

Longitudinal Shear Within Web (BS5400-4)

Longitudinal shear force limit per unit length

Required nominal vertical reinforcement per unit length

Longitudinal Shear Within Web Mandatory Criteria

Additional Input Parameters Requirements Rectangular or Flanged Beam

Characteristic strength of concrete (PT beam and slab), f., and f

Characteristic strength of concrete (column), f,

Type of concrete and density, p.

Creep modulus factor, Cye

Prestress tendon(s) bonded or unbonded (post-tension only) ?

Flat slab hogging moment stress concentration ‘

Flexural tensile stresses, cracked (internal building) crack width

Span, L ‘ ‘ ‘

Section type at TLS and (SLS/ULS)

Design section hogging or sagging moment ?

Overall depth, h | |

Additional bottom compressive stress

Banding of prestress tendons ‘

Banding of longitudinal steel (hogging/sagging)

Number of layers of untensioned steel, Njyers tens

Load (on plan), {DL,, DL,, SDL,, SDL,, LLy, LL,} and UDL, {ULSconstructionr

Percentage of tensile capacity, %

Inclusion of prestress force losses, K

Inclusion of secondary effects ? ‘

Longitudinal shear between web and flange

Longitudinal shear within web ‘

Horizontal anchorage edge distance and spacing

Vertical anchorage edge distance and spacing

{10
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| | | | BS8110
Action Effects From Structural Analysis (External Effects) BS8110 t
Note that moment redistribution to cl.4.2.3 BS8110 is not performed herein; Note o positive downwards;
Span, L 10.000(m
TLS beam loading, or.sge 35.0/kN/m
SLS beam loading, oss g/ 160.0 kN/m
ULS beam loading, oys,ge 234.0|kN/m
Simply Supported .
Muog,TLs,e/e=0 N/A|kNm
TLS Msac,1is,e/e=[0.125(wris e/e)1.L°+DLoging, - @h. (L-an)/L N/AKNm
V11s,6/6=[0.500( @715 £/e) ]-L+DLpgint,n-(L—an)/L N/A|kN
Mhog,sts,e/e=0 ‘ ‘ N/A|KNm
SLS Msag,sts,e/e=[0.125(wsis e/e)1-L*+DLoint n-@n. (L-an)/L+DL, N/A|KNm
Vsis,e/6=[0.500(0ss g/e) 1. L+ DLyging h- (L—an)/L+DLpging,v- (L- N/A KN
Miog,uLs,ee=0 ‘ ‘ ‘ N/A|KNm
ULS  |Msacuis,ee=[0.125(wycs /e)1.L°+Kg.DLpoint n-@n- (L-an)/L+ N/AKNm
Vuis,e/e=[0.500(oy.s,g/e) - LK. DLpgint,p-(L—an)/L+Kg. DLy N/A|kN
Continuous (Infinitely, Encastre) Continues ¥ | Continues W VALID_ Note
Myio6.1is.e/e=—[% X 0.083(wrisee)].L>~[% x f(  100% -292|kNm
TLS  |Msag,mis,e/e=Mhoc,1is /e + Vs e/e- [L/2]*-0mis /e (L/2)%/2 146 kNm
V1is,e/e=[% x 0.500(o7.s,ge)].L+[| 100% 100% 175/kN
Muos,sis,ee=—[% X 0.083(wsis,ee)].L>-[% x f( 100% |  -1333|kNm
SLS  Msac,sis,e/e=Muog,sis,e/etVsis,e/e-[L/2]*-0sis g/e-(L/2)/2 667 kNm
Vsis,e/e=[% X 0.500(ws; s g/e)].L+ [‘ 100% 100% 800 kN
Myio6.uts,e/e=—[% X 0.083(wuis,ee)].L>-[% x K 100% -1950|kNm
ULS  |Msac,uis,ere=Kear-[Mhog,us,e/e+Vuus e/e-[L/2]*~0uis g/e- (L/ 2 975|kNm
Vuis,e/e=[% x 0.500(oys ge)].L+[  100% 100% 1170 kN
Cantilever A
Muog,1s,e/e=—[0.500(wris,£/e) - L*~DLging,n-ah N/AkNm
TLS Msag,1is,e6=0 ‘ N/A|KNm
Vris,e/e=[(or1s,6/6) 1. L+ DLpging,n N/A kN
Mhog,sts,ee=—[0.500(ws;s,e/e)1-L*~DLoint,n-8h—DLpoint.y -8y N/A|KNm
SLS Msag,sts,e/e=0 ‘ ‘ N/A|KNm
Vsis,e/e=[(0sis,e/e) ]-L+DLpoint,n+DLpoint,v N/A kKN
Muog,uts,e/e=—[0.500(oycs,e/e) 1. L*~Ka. DLooint, - @h—Kg- DLpoint N/A|KNm
ULS Msag,us,ee=0 ‘ ‘ N/A|KNm
Vuis,e/e= [(ouLs,e/e) - L+Ka- DLlpoint,n K- Dlpoint,v N/A kN
Design section hogging or sagging moment ? 0gging Mome
TLS bending moment at design section, Myog/sac,Tis,e/E PAKNmM
SLS bending moment at design section, Myog/sac,sis,e/E kNm
ULS bending moment at design section, Myog/sac,uLs,e/e L] kNm

Note that unlike shear force, the bending moment is presented for the design section be it

hogging or sagging. Note by convention, a negative bending moment indicates hogging moment;

TLS shear force at critical section, Vris g/

SLS shear force at critical section, Vsis /e

ULS shear force at critical section, Vy.s g/

Note that unlike bending moment, the shear force is presented for

175 14

800 I\

1170 I

the critical section irrespective

of whether the design section is hogging or sagging. Note an arbitrary sign convention applicable;
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BS8110
BS8110 t

TLS / SLS / ULS Bending Moment Diagram (kNm)

Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

MTLS,E/E,var

MSLS,E/E,var

MULS,E/E,var
Dist, x

MTLS,E/E,var

MSLS,E/E,var

MULS,E/E,var

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

TLS / SLS / ULS Bending Moment Diagram
(External Effects)

+2:p00

e \[TLS,var
— Distance, x (m) MSLS,var
e \ULS,var

Bending Moment (kNm)

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

TLS / SLS / ULS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

VTLS,E/ E,var

VS LS,E/E,var

vULS,E/E,var
Dist, x

VTLS,E/ E,var

VS LS,E/E,var

vULS,E/E,var
Note an arbitrary shear force sign convention is employed;

TLS / SLS / ULS Shear Force Diagram

(External Effects)

-1500 »

-1000 | /’
-509 goo . : ge=""50 000 12poo

Shear Force (kN)

|| 0
|| 500
|| 1000
|| 1500
e \/TLS,var
— Distance, x (m) VSLS,var

e \/ULS,var

Note an arbitrary shear force sign convention is employed;
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| | | | BS8110

Action Effects From Structural Analysis (Equivalent Load, Primary and

Secondary Effects)

BS8110 W=

Note that moment redistribution is not applicable herein; Note w positive downwards;

Span, L 10.000(m
L-Sup Span R-Sup
Distance between points of inflexion, s 2.000 8.000 2.000/m
Total drape between points of inflexion, g4 144 576 144 mm
TLS equivalent load, orsen = +[8]2]kpP".€4/s> 700.7 -175.2 700.7 kN/m
SLS equivalent load, ws sgn = +[8|2]KPg.e4/s> 524.1 -131.0 524.1 kN/m

Note that the equivalent load calculation includes the support peak tendon reverse curvature;

Dimensions, {pi, L-p1-p2, P>} ‘ ‘

1.000 8.000 1.000|m
T SLS equivalent load, 2{p;, L-p1-P2, P2} .0sis,e1L 524 -1048 524 kN 0
Inclusion of secondary effects ? Include | W
Simply Supported, Continuous (Infinitely, Encastre), Cantilever
Note primary effects P/E and secondary effects S/E equations: -
M wog,Tis,p/e = —K pP'.€ Hog M wog,sis,pre = —KP o -€ nos
P/E M saG,11s,p/6 = —KpP'.€ sp6 M spG,s1s,p/e= —KPo.€ sa6
VTLS,P/E ~dM TLS,P/E/ dx ‘ VSLS,P/E ~dM SLS,P/E/ dx
M noe,1is/sts,s/e =M woe,1is/sts,e/. =M Hoe, TLs/sLs,p/E
S/E M saG, 1is/s1s,s/e =M sac,1is/sts,e/t =M sac, 1Ls/5Ls,p/E
V 1is/sts,s/e =V 1isysis,er =V risysis,p/e ‘
Note method of calculating S/E from the reactions of E/L not adopted herein; m
Simply Supported ;
Note statically determinate structures do not exhibit secondary effects;
Myoa,TLs N/A N/A N/A|KNm
TLS Msag,TLs N/A N/A N/A|KNm
Vs N/A N/A N/A kN
SLS Myog,sLs N/A N/A N/AKNm
/ ULS Msag,sLs N/A N/A N/A|kNm
Vsis N/A N/A N/A kN
Note equivalent load effects E/L equations: -
M noG,risssis,en =0 —[kpP' or KP g J.€ yar (x=0)
E/L M sac,ris/sis,en =0+V nisssis,en -L/2 ~f] o isysis,en X=L/2] [k pP" or KP g ].€ yar (x=0)+[K pP' ¢
V ris/sis,en =fl @ 1is/sis,en ,X=0]+[k pP' 0r KP o ].€ o (x=0)/L [k pP' 0r KPy ].€ or (x=L)/L
\ _ \ \ \
EW R4 | N\
BAg i b c—24 pe—X— \—_' R
W /b
A4 R Fa=r {5 * c}
)
\ \

Note for simplicity, E/L effects due to any change of section not computed;

Continuous (Infinitely, Encastre) i

Note statically indeterminate structures do exhibit secondary effects;

|
Muoc,TLs 100% 1051 478 573 kNm
TLS  |Msag,is -701 -1274 573/kNm
V1is 100% 0 -175 175|kN
sLs Muog,sLs 100% 786 357 429 kNm
/ ULS Msag,sLs -524 -953 429 kNm
Vsis 100% 0 -131 131|kN
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BS8110
BS8110 t
Note equivalent load effects E/L equations: -

M noG,s/sis,en = —% X [ wrisssis,en ,x=0] —[kpP" or KPgy].€ o (x=0)

E/L

M saG,1is/5s,610 =M Hog, is/sis,en tV risssis,en - L/2 ] @ 11s/s15,61 ,X=L/2] -[k pP' OF

KPO]-evar(

Visssis,en =% X ] oris/si5,60 ,X=0]+[kpP" Or KPy].€ 5 (x=0)/L [k pP" Or KPy].€ or (X=L)

Tendon termination at x=0 ? Continues ¥ |
Tendon termination at x=L ? Continues W
\ \ | |
R dod 4 R w
1 212 2
qd 1§ T §r qd /
L? AN L?

—

2
Ry = 25 [@a+ Lp? + (230)a2)

[ab? + (a - 2b)d? | «—a

b—n] [azb +(b-2a)d*]
12

R, = qL_‘j[ @b+ Ly - (450)a?)

Ry,

a-l-__—_b‘

——c 23

-4

c
————d

T~

1Ra

M, M,
Ru=rat 70 Rg=ra= L
Where ry and rg are the simple

suypport reactrons for the beam
w X . .-
My =— 555 (0% c?ffet=c>a? (My being considered pontm}

Note for simplicity, E/L effects due to any change of section not computed;

Cantilever

Note statically determinate structures do not exhibit secondary effects;

Mhoe,TLs N/A N/A N/A|kNm
TLS MsaG,TLs N/A N/A N/A|kNm
V1is N/A N/A N/A kN
SLs Mog,sLs N/A N/A N/A|kNm
/ ULS Msag,sLs N/A N/A N/A|kNm
Vsis N/A N/A N/A kN
Note equivalent load effects E/L equations: -
M HOG,TLS/SLS,E/L = -l WD T11L5/SLS,E/L 1 X =0]

E/L

M saG,s/55,6/0 =M roa,Tis/sis,en TV risssis,en L —fl @ 7is/s15,60 ,X=L] —[KpP" Or KP ].€ ar (X=L

Vrisssis,en =fl @mis/sis,en ,X=0] —[kpP" or KPg].€ o (x=L)/L

FKP].€ yor (Xedldd {2 o [leD' 0r KD T [l N/l I /2 \ \
¥ 4
g - R4 N
4 . G 5‘5| .. B .
| L 1 Mnax.=W(a+2) Ry W

Note for simplicity, E/L effects due to any change of section not computed;

Design section hogging or sagging moment ?

TLS S/E bending moment at design section, Myog/sac,Tis,s/E

SLS S/E bending moment at design section, Myog/sac,sis,s/E

Note that unlike shear force, the bending moment is presented for the design section be it

hogging or sagging. Note by convention, a negative bending moment indicates hogging moment;

TLS S/E shear force at critical section, V1.5 s/

SLS S/E shear force at critical section, Vsis s/

Note that unlike bending moment, the shear force is presented for

kN
kN

the critical section irrespective

of whether the design section is hogging or sagging. Note an arbitrary sign convention applicable;
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BS8110
BS8110 t

TLS Bending Moment Diagram (kNm)

Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

MTLS,E/L,var

MTLS,P/E,var

MTLS,S/E,var
Dist, x

MTLS,E/L,var

M+is,p/E var

MTLS,S/E,var

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

TLS Bending Moment Diagram
(Equivalent Load, Primary and Secondary Effects)

-1500 »
-1000 I

6.0

Bending Moment (kNm)

e \TLS,E/L,var
— Distance, x (m) MTLS,P/E, var
s I TLS, S/E var

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

TLS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

VTLS,E/L,var

vTLS,P/E,var

VTLS,S/ E,var
Dist, x

VTLS,E/ L,var

vTLS,P/E,var

VTLS,S/ E,var

Note an arbitrary shear force sign convention is employed;
\ \ \ \ \

TLS Shear Force Diagram
(Equivalent Load, Primary and Secondary Effects)

Shear Force (kN)

|

e \/TLS,E/L,var

— Distance, x (m) VTLS,P/E,var
e \/TLS,S/E var

\ \ \ \ \
Note an arbitrary shear force sign convention is employed;
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BS8110
BS8110 t

SLS Bending Moment Diagram (kNm)

Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

MSLS,E/L,var

MSLS,P/E,var

MSLS,S/E,var
Dist, x

MSLS,E/L,var

MSLS,P/E,var

MSLS,S/E,var

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

SLS Bending Moment Diagram

E (Equivalent Load, Primary and Secondary Effects)
1 2z
] x
o
| e
c
| | o
|| g 6.q 8.000 10.000 1200
=
| 2 ~
_— :E »
| | c
()] e \ISLS,E/L,var
] @ Distance, x (m) MSLS,P/E var
|| MSLS,S/E,var

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

SLS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

vSLS,E/L,var

vSLS,P/E,var

vSLS,S/E,var
Dist, x

vSLS,E/L,var

vSLS,P/E,var
VSLS,S/E,var 0 0 0 0 95 0 -131 kN

Note an arbitrary shear force sign convention is employed;
\ \ \ \ \

SLS Shear Force Diagram

(Equivalent Load, Primary and Secondary Effects)

| | = 600y ‘
[ | £ 400 7/\

[] -
] o 20 fg 2.00 200 6.000 8.000 10.000 1200
| 5 0 : i)
s ] ;

] 400 iy
. 600 I |

e \/S|S,E/L,var

— Distance, x (m) VSLS,P/E,var
] VSLS,S/E,var

\ \ \ \ \
Note an arbitrary shear force sign convention is employed;
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Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Madeby )X |Date 24/10/2026 ¢

| | | BS8110
Action Effects From Structural Analysis (External, Equivalent Load and Secondary Effects) | Bs3110 t

TLS Bending Moment Diagram (kNm)
Dist, x 0.000 0.500 1.000 1.889 2,778 3.667 4.556 m

MTLS,E/E,var

MTLS,E/L,var
Y Sum
Dist, x

MTLS,E/E,var

MTLS,E/L,var
2 Sum

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

TLS Bending Moment Diagram

E (External and Equivalent Load Effects)
| £ 1000y

<z |
— = -500

o 0. 2.000 4.000 6.00 8.000 000 12.p00
—{ 2 0
I

s 500 §——
| & 1000
] B 1500

0 e MTLS, E/E var
] @ Distance, x (m) e MTLS, E/L,var
|| S Sum

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

TLS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

VTLS,E/ E,var

vTLS,E/L,var
Y Sum
Dist, x

VTLS,E/ E,var

vTLS,E/L,var
Y Sum
Note an arbitrary shear force sign convention is employed;

TLS Shear Force Diagram

(External and Equivalent Load Effects)

~~
4 2
=
_— N
o
= B 0g——— 6.000 8.000 ——+2000
o
] L
I /4
I - ~—/4
7 " 4

e \/TLS,E/E,var

— Distance, x (m) @ \/TLS,E/L,var
S Sum

\ \ \ \ \
Note an arbitrary shear force sign convention is employed;
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BS8110
BS8110 t

SLS Bending Moment Diagram (kNm)

Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

MSLS,E/E,var

MSLS,E/L,var
¥ Sum

MSLS,E/E,var

MSLS,E/L,var
Y Sum

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

SLS Bending Moment Diagram

E (External and Equivalent Load Effects)
|| E -1500
o
- -'s' -1000
—| g  -500
1 5 0. 2.000 .00 6.0 8.000 .000 12.poo
s 0
1 o
c 500 4 :
ik | | p |
I - 1000 ¥
()] MSLS,E/E,var
] @ Distance, x (m) e MISLS, E/L var
|| S Sum

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

SLS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

VS LS,E/E,var

vSLS,E/L,var
Y Sum
Dist, x

VS LS,E/E,var

vSLS,E/L,var
Y Sum
Note an arbitrary shear force sign convention is employed;
[ \ \ \ \

SLS Shear Force Diagram
(External and Equivalent Load Effects)

-1000 §
-800 4
-600
-400
-200.

000 12 D00

200
400
600
800
1000

Shear Force (kN)

VSLS,E/E,var
— Distance, x (m) @ \/SLS,E/L,var
e S Sum

\ \ \ \ \
Note an arbitrary shear force sign convention is employed;
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Job Title |Member Design - Prestressed Concrete Beam and Slab |Pr¢ Re*
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BS8110

BS8110 t

ULS Bending Moment Diagram (kNm)

Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

MULS,E/E,var

MSLS,S/E,var
Y Sum
Dist, x

Note by convention, a negative bending moment indicates hogging moment;
\ \ \ \ \ \

ULS Bending Moment Diagram
(External and Secondary Load Effects)

e \ULS,E/E,var
— Distance, x (m) @ \ISLS,S/E,var
S Sum

Bending Moment (kNm)

\ \ \ \ \ \
Note by convention, a negative bending moment indicates hogging moment;

ULS Shear Force Diagram (kN)
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

vULS,E/E,var

vSLS,S/E,var
Y Sum
Dist, x

VULS,E/E,var

vSLS,S/E,var
Y Sum
Note an arbitrary shear force sign convention is employed;
[ \ \ \ \

ULS Shear Force Diagram
(External and Secondary Load Effects)

|2 oy

| ] £ -1000 /
[] -

1 o Q%o 2.000 4.000 6.000==""5.000 10.000 1200
[ 0 — —a

1 W=
1

[ | (]
]

—1 £

| Y 1500

e \/ULS, E/E,var
Distance, x (m) @ \/SLS,S/E,var
S Sum

500 /
1000 V
\

\ \ \ \
Note an arbitrary shear force sign convention is employed;
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Allowable Range of Prestress Force at Transfer (for Given Eccentricity) at Design Section F Bsg110 t
dgging iviome =11[e ogging Mome alid
) = (thmax B Mmax) (thmin B Mmax) MIN 414 PN
0 =
K(Zt/A_eSAG) K(Zt/A—eHOG)
Note A and Z. in the above inequality refer to A isisyus) and Z . sisyus) respectively;
Z frlnin - IVlmin
Po <= (2 )i+(PLDF+PLES) MAX 920 [N
(Zt/A_eSAG)kP ‘ '
(thr!nax - IVImin) 1
—+ PL oF + PL ES
(Zt/A_eHOG)kP ( ! ! )
Note A and Z, in the above inequality refer to Ar,s and Z.r,s respectively;
Zf . +M H (Zf _ +M
Po >= ( b "'min max) ( b "max max) MIN kN
K(Z, 7 A+egs) [K(Z, /A +e0s)
Note A and Z,, in the above inequality refer to A s;squs) and Z, sisyus) respectively;
zf _  +M_
Po <= (Zofas + Mo ) 1. (Peor +Pes) MAX kN
(Zb/A+eSAG)kP ' '
(benlnin + IVllmin) 1
(Z,/A+e )k_+(PL*DF +Pies)
b HOG P
Note A and Z, in the above inequality refer to Ans and Z, 115 respectively;

Note by convention, e is positive downwards, measured from the centroid of the TLS/(SLS/ULS) section;

Note that in the above Inequa/It‘IeS, Mm,'n = MTLS,E/E + MTLS,S/E and MITIEX = MSLS,E/E + MSLS,S/E;

Note that k,P' = k[P o-(PLor+PLes)]; ‘ ‘

Note that in the above inequalities, should the denominator be negative, the inequality is flipped,

Allowable range of P, (for given € 414 < 46 < o KN

Allowable range of P, (for given e) at design section utilisation 0/

Maximum Economic Upper Limit to Prestress Force at Transfer at Design Section Rectangu Bsg110 | *
Max economic upper limit to prestress force at transfer (w. restraint, w.o. ST g kN
dgging iviome allc ogging Mome alid
P — fmaxzt + fmlnzb P — fminzt + fmaxzb
] ]
K Z.+Z, K Z.+Z,
A A

Note A, Z. and Z, in the above equation refer to A ;sisuis), Z t(sisius) and Zpsisiuis) respectively;

Eccentricity of prestress tendon(s) at Pg ecomaxs €ecomax ‘ ‘ mm

Note by convention, e is positive downwards, measured from the centroid of the (SLS/ULS) section;




Job No. Sheet No. Rev.
CONSULTING |Engineering Calculation Sheet |
ENGINEE R S|Consulting Engineers XXX 25
‘ ‘ ‘ Member/Location
Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Madeby )X |Date 24/10/2026 ¢
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TLS and SLS Top and Bottom Stresses at Design Section Rectangular or Flanged

Beam BS8110 |Ww

SLS stress at top Vf,/Vf'| -0.45 < < 0.33 |f,/f
at design section, f, -2.7 < < 11.6 [N/mm?
I
= KP, KPe M M L 1
f < f — [ 0 + SLSE/E SLS,S/E Sf . _ | _ K 2
| | min [l A Z[ Zt Zr } max 1.3 1.8 'l 6.7 'I 2.1 N/mm
T T \ T
Note A and Z, in the above inequality refer to A isisyus) and Z sisjuis) respectively;
SLS stress at top at design section utilisation 4% C
TLS stress at top Vg /N fq'| -1.25 < < 0.50 |f/f,
at design section, f', -6.3 < < 12.5 [N/mm?
I
| kP kP'e M M I 1
| < \: P I + TLS.E/E TLS.S/E Sf‘, 4 _ | _ K 2
| | min |: t A ZI zl + zl :| max 17 24 'l 15 'l 29 N/mm
T T T T
Note A and Z . in the above inequality refer to Ars and Z 1,5 respectively;
TLS stress at top at design section utilisation 44% _ OK
SLS stress at bottom | Vfy, / Vf'| -0.45 < 0.18 < 0.40 |[f./f
at design section, f, -2.7 < 6.2 < 14.0 [N/mm?
I
| KP, KPe M M 1 1
f o<|f =200 0% TsLsEE  VSLSSIE | ¢ T _ 1 - 1 2
H R Z z, Z, } max|] 1.3 4 3.2 12.0 3.9 N/mm
[ I I I
Note A and Z, in the above inequality refer to A ;sisyus) and Z, sisyus) respectively;
SLS stress at bottom at design section utilisation 45 % o
TLS stress at bottom | Vfg / Vfq'| -1.25 < < 0.50 |f,/f.'
at design section, f', -6.3 < < 12.5 |N/mm?
I
= k.P' k.P'e M M 1 1
f\ < fl — P’ + P _ TLSE/E TLS,S/E < fl' K _ il _ 4 2
I |i b A Zb Zb Zh :| max 1-7 '| 4.3 2.6 5.2 N/mm
T T T T
Note A and Z, in the above inequality refer to Ans and Z,n s respectively;
TLS stress at bottom at design section utilisation 82% _ OK

Note in the preceding equations, e refers to either e yoc Or € spc as relevant;

Note by convention, positive stress is compressive and negative stress is tensile;

Note by convention, e is positive downwards, measured from the centroid of the TLS/(SLS/ULS) section;

Note by convention, a negative bending moment indicates hogging moment;

TLS and SLS Average Precompression Rectangular or Flanged Beam

BS8110 W=

TLS average precompression, kp

IN|IA

SLS average precompression, KP 0

IA[IA

TLS and SLS minimum average precompression utilisation

TLS and SLS maximum average precompression utilisation

Slab

Average precompression should be at least 0.7N/mm? (cl.2.4.1 TR.43) to 0.9N/mm? (cl.

.8.6.2.1 ACI318) to bdg

Average precompression usually vary from 0.7N/mm 2 to 2.5N/mm? for solid slabs; cl.1.3 TR.43
Average precompression usually vary from 1.4N/mm? to 2.5N/mm? for slabs; IStructE Exam 5S¢
When the average precompression exceeds 2.0N/mm? or the floor is very long, the effects cl.3.3 TR.43
of restraint to slab shortening by supports become important, otherwise they may be ignored;

Beam | | | | | | |

Average prestress levels occasionally vary up to 6.0N/mm? for ribbed or waffle slabs; cl.1.3 TR.4

Average precompression usually vary from 2.5N/mm? to 4.5N/mm? for beams;

IStructE Exam Sq
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| | | BS8110
Magnel Diagram at Design Section Rectangular or Flanged Beam BS8110 t
\ \ \ \ \ \
| Magnel Diagram (at Design Section) |
|| A \ 766 B
: ™ 666 :
B \\ 1 |
B g -r----u------n--- ----450- pPesecercer e s e e e s D D e e ® |
— -’ —
(=]
| | Qo ||
™ 300

S ||
— H —
- 200 N [ |
|| - ,\ -
|| 1001\ N ||
|| o ||
| -2p0 -200 =150 -100 -50 | 50 100 150 200 |
|| Eccentricity, e (mm) ||
[ | EQ1 EQ2 EQ3 EQ4 [ |
[ ] — limit = = = eHOG or eSAG = == 10%6/P0 [ |

= Equation 1, EQ.1 -207 143 mm

Equation 2, EQ.2 -207 143 mm
A Equation 3, EQ.3 -79 59 mm
Equation 4, EQ.4 -207 -79 mm

Note by convention, e is positive downwards,

measured from the centroid of the (SLS/ULS) section;

Sagging Moment Invalid Hogging Moment
| |
Equation 1 i > (1 / A(SLSIULS) —e/ Zt.(SLS.’ULS)) l < (1 / A(SLSIULS) —e/ Zl,(SLS.’ULS))
Po (frnax _Mmax /Zt.(SLS,‘ULS)) /K Po (fmm _Mmax /Zt,(SLSfULS)) 'K
———————
K 1 (1/ATLS _EIZt.TLs) 1 (1/ATLS _e’IZt‘TLS)
Equation 2 kP'S . kP'z .
P (fmin - Mmin ‘{Zt:rl_s) P (fmax - Mmin / Zt‘TLS)
effect E ti 3 1 < (1 / A(SLS/ULS) +e/ Zb‘(SLSfULS)) 1 ~ (1 / A(SLSIULS) +e/ Zb,(SLSfULS))
uation P —— B =
d Po (fmin + Mmax /Zb,(SLS!ULS))/ K PO (fmax + Mmax /Zb,(SLS!ULS))/ K
heme
. 1 = (1/ATLS +e/Zb‘TLS) 1 < (1/ATLS +e/Zb‘TLS)
Equation 4

kF’Pl - (frlnax +Mmin /Zh‘TLS)

kPP' - (frlnin +Mmin /ZD,TLS)

Note that in the above inequa/ities, M pin = MTLS,E/E + MTLS,S/E and M hax = MSLS,E/E + MSLS,S/E;

Note that k,P' = k,[Po-(P,pr+Pes)]; Note that e s = € sisyus) X ¢ (stsyus) X ¢ 7is/
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| | | | | BS8110
Allowable Tendon Profile (for Given Prestress Force at Transfer) at All Sections Rectangul{ Bsg110 t

Sagging Moment YT Hogging Moment

e > 5 _ fmath + Mmax,var evar < é _ fminZt + Mmax.var Note Ais A(SLS/ULS)I —
A KPR, KP, A KP, KP, and Z,is Z,jsipms) ||
e < 5 _ frlninzt + IIVlmin,vzlr e > 5 _ frlnaxzt + Mmin‘var Note A is ATLS’ | ]
oA kP kP’ oA kP kP' and Z, is Z, 1,
|
e > _i + fminzb + Mmax,var e < _i + fmaxzb + Mmax,var Note A is A(SLS/ULS)’
LA KP, KP, LA KP, KPR, and Zy,is Zy 5 s/u1)
| A koP' k.P' || | A kP koP' land z,is Z, ;5 -
\ \ \ \ \ \ \ |

Note by convention, e ., is positive downwards, measured from the centroid of the (SLS/ULS) section;

Allowable Range of Eccentricity at All Sections
Dist, x 0.000 0.500 1.000 1.889 2.778 3.667

emin,var

emax,var
Dist, x

emin,var

emax,var
Note that in the above inequalities, M minvar = M ris,e/evar + M1is,s/evar @3NAd M maxvar = Msis,e/evar + Msis,s/gvar/
Note that k ,P' = k[P o-(Por +Pes)]; Note that € yar,ris = € var(sts/uLs) TX o (sts/uLs) X o 1is/
Note that all 8 inequalities are simultaneously employed as hogging and sagging are interchangeable

along the member in structural systems with certain support conditions (e.g. continuous);
\ \ \ \ \ \ \ \

— Allowable Tendon Profile (at All Sections) —

[ | 0.4 ﬁ . 4.000 6.000

poo

400

Eccentricity,
evar (mm)

600

800 R

1000

- Distance, x (m) -

emin,var e cMax,var

] e ¢» o cHOG or eSAG (at design section) e evar (at all sections)

Allowable range of eccentricity (f{
Allowable range of eccentricity (for given Py) at design section, e utilisation

Allowable range of eccentricity (for given Pg) at all sections, e, utilisation
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| | | | BS8110
End Block Design Rectangular or Flanged Beam BS8110 W=

\ \ \

I

—] [po/ve 0.2 0.3 0.4 0.5 0.6 0.7

|| | Foa P, 0.23 0.23 0.20 0.17 0.14 0.11

End block width (rectangular) or web width (flanged), b, . 100% 500mm

Number of rows of anchorages, Ny 1

Number of anchorages per row, Np 1

Vertical anchorage (group) (bottom) edge distance, Aygp 500{mm

Vertical anchorage spacing, Ays ‘ ‘ 1000|/mm

Horizontal anchorage edge distance, (b,,,/Na)/2 250 >= 195/mm

Horizontal anchorage spacing, by o/Na ‘ 500 >= 370|mm

Vertical anchorage edge distance, MIN (Aygp, h—-Ayep—(N 500 >= 195/mm

Vertical anchorage spacing, Ays 1000 >= 370|mm

Width / N/A of anchorage Square | W% 100% 270/mm

Depth / diameter of anchorage Square | ¥ 100% 270/mm

Total width of end block for each anchorage, 2y, 500 mm

Total depth of end block for each anchorage, 2y q 1000|mm

Total equivalent width of each anchorage, 2y, 270|mm

Total equivalent depth of each anchorage, 2y, 4 270/mm

Total width of end block for all anchorages, 22y 500|mm

Total depth of end block for all anchorages, 22yq 4 1000|mm

Total equivalent width of all anchorages, 22y 1 X 2Ypo,w 270/mm

Total equivalent depth of all anchorages, X2y g 1 X 2Ypo,d 270/mm

Maximum local compressive bearing stress, [Pg free/Nt1/[2Ypo,w-2Ypo,d] 32.2/N/mm?

Maximum local compressive bearing stress utilisation, [Pg free/Nt1/[2Yp0,w-2Ypo,d 56% (0] ¢
|

Width ratios, {2Ypo,w/2Yo,ws Z2Ypo,w/Z2Yo,w) 0.54 0.54

Depth ratios, {2Ypo,a/2Y0,dr Z2Ypo,d/Z2Y0,d} 0.27 0.27

Jacking force at each anchorage, Pg free/Nt 2346 kN 11.2 / cl. 4.

Jacking force at all anchorages, Py free 2346 kN 11.2 / cl.4.

Bursting tensile force (width ratio), Fpstw = f(2Yp0,uw/2Y0,w)-(Po,free/ NT) T.4.7

Bursting tensile force (depth ratio), Fpst,a = f(2Yp0,d/2Y0,d) - (Po,free/ NT) T.4.7

Bursting tensile force (width ratio), ZFue.w = f(Z2Ypo,w/Z2Y0,w)-Po free T.4.7

Bursting tensile force (depth ratio), ZFpst,q = f(22Ypo,a/22Y0,d)-Po,free T.4.7

End block shear link diameter, jnk,e 16 v | mm

End block number of links in a cross section, i.e. number of legs, Nieg e 4

End block area provided by closed links in a cross-section, Agy prov.e = n.q)"nk,ez/t mm?

End block pitch of links, S, | | | 150/mm

Allowable stress in end block shear links, 6, = 200N/mm? 200|N/mm? [11.2 / cl.4.

Provide shear links Agy e/Se > [Fostw/(2Y0o,w=0.2Yo,w)1/Ce i Wkl mm2/mm/ Ol mm

Provide shear links Agy o/Se > [Fost,a/(2Y0,d-0.2Y0,4)1/0e i. I mm2/mm/ 000 [5alas)

Provide shear links Agy e/Se > [ZFpetw/(E2Y0,w-20.2Yo w) 1/ ‘Wl mm2/mm/ Ol mm

Provide shear links Agy o/Se > [ZFpet,a/ (£2Y0,4-20.2y¢ 4)1/¢ O] mm2/mm/ Wl mm

Provide shear links A, o/Se over distance of MAX (2,0,w, 2y0,dr Z2Yo,wr Z2Y0,d) il mm

End block area provided by closed shear links in a cross-section, Agy prov,e 804 ' mm?

Tried Asy prov,e/Se Value | | 5.36|mm2/mm

Design shear resistance at end block section utilisation ) _ OK
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| | | | | BS8110
Detailing Requirements Rectangular or Flanged Beam BS8110 t
All detailing requirements met ? “
Cover to prestress tendon(s) = MAX (MAX(Dry,Dryv)/2, 25mm) 77 |mm

Note cover to prestress tendon(s), MIN [h —X . (sisyuis) —€ sac D 1.v/2, X (sispuis) Y€ noc —Drv/2];  cl.4.12.3.1.
Min prestress tendon(s) clear spacing, St = MAX (2Dry pre-T or Dy post-T, 5 N/A|mm

Note St = (b, -2.cover -2. ¢k =D 7. )/(N 7/N jayers,pr—1) =D 1.1} ‘ cl.7.2 TR.4
Max prestress tendon(s) clear spacing, St < (8.h BD, 6.h un-BD, 1600mm) N/A|mm

Note S 1 =‘ (b, -2.cover-2. ¢ —D 1.1 )/(N 7/ jayers,pr—1) -D 1} cl.7.2 TR.4
Min untensioned hogging steel reinforcement diameter, ¢; (>=6mm slab; >=1 20/mm

Min untensioned hogging steel reinforcement pitch (>75mm+¢;, >100mm-+¢; 95/mm

Note min untensioned hogging steel reinforcement pitch = (b, —-2.cover -2. ¢ ok —¢¢ )/ (N t/N jayers,tens —1);

Max untensioned hogging steel reinforcement pitch (<=3.h, <=500mm) ‘ 95‘mm

Note max untensioned hogging steel reinforcement pitch (b, —2.cover —2. ¢ ¢ )/ (N ¢/ 1ayers,tens —1);

Min untensioned sagging steel reinforcement diameter, ¢; (>=6mm slab; >=1 25/mm
Min untensioned sagging steel reinforcement pitch (>75mm+¢;, >100mm-+d i 94/mm
Note min untensioned sagging steel reinforcement pitch = (b, —-2.cover -2. ¢nk —¢¢ )/ (N t/N jayers,tens —

Max untensioned sagging steel reinforcement pitch (<=3.h, <=500mm) ‘ 94‘mm
Note max untensioned sagging steel reinforcement pitch (b, —2.cover —2. ¢ —¢¢ )/ (N ¢/ jayers tens —1);

|
% ﬁ.n-[a%] zn?e:sﬁnzd-r;na;;e;e-nn:p:ﬁb‘ o) ﬁ —- ‘@‘SULPM Top _0.63% _ _ eseio v
BD:- % Min [SLS] untensioned reinforcement (>~ 0.0000b , h) 0.00/% _ _ ]6.10.6 TR.
Fiat siab hoaging:~ % Min [SLS] untensioned reinforcement (>= Ale e~ 6.10.5 TR.’
Un-BD:- % Min [SLS] untensioned reinforcement (>= A ;/b, h) Invalid 6.10.5 TR.
BS8110 beam, 1-way or 2-way slab class 3:- % Min [SLS] untensif@AYE|I{:| 0.18!% .3.4.3 BS8
ACI318 beam, 1-way or 2-way slab class T/C:- % Min [SLS] untenf S i\ 1T 1.5.2.1 AC]]
ACI318 flat slab class U/T/C:- % Min [SLS] untensioned reinforcerng s {i)\'1{:| .6.2.3 ACI|
AS3600 class T/C:- % Min [SLS] untensioned reinforcement (>= Invalid P, .9.4.2 A
Tension zone, x = (-f; . h) / (fp, - f+) for support top 187/mm 6.10.5 TR.
[SLS] Tension zone, (h-x) = (-f, . h) / (f; - f,) for span bottom N/A|mm 6.10.5 TR.
Tension force, F; = -fyy . {xor (h-x)} . (b, orb) /2 ‘ 255/kN 6.10.5 TR.
Tension area, A; = F, / [function(f )], ¢tl20mm @ | 288MPa | 886mm-° _ | 6.10.5 TR.1
Flat slab hoganz % /\7/n_ [ ELE] En?e;.;/?nzd_re/nforcement (>=A
Note tension area, A; = 0.00075b ,h x b /(2 x 1.5 xh + MIN(I 1,1 15)); cl.6.10.6 TR.
Note concentrate rebar between 1.5 x slab thk either side of column width, extending = 0.2L;  cl.6.10.6 TR.1
Un-BD:- % Min [SLS] untensioned reinforcement (>= A 1/bwh) LTl 0.18]%
Note tension area, A = 0.0024:0.0032b,,h G250; >= MAX (0.0013:0.0018, 0.0013.0.0018(f,/46.3.1.7 TR.4
% Min [SLS] u untensgnsd_re_mf_orceme_nt_ut;“s_atﬁn__ — . @ Support Top S C
|
o i (715 ensioned ranforcement, Aoy /(6,1 | @ Support Batiom — _ 0.48/% _ _ _esero v
BS8110 beam, 1-way or 2-way slab class 3:- % Min [TLS] untensi{@a E [ .3.5.2 BS8
ACI318 beam, 1-way or 2-way slab class C:- % Min [TLS] untensiq i)\l 0.43|% 5.3.2.1 AQ
AS3600 class T/C:- % Min [TLS] untensioned reinforcement (>= A LGV ELT P, .9.4.2 A
Tension zone, (h-x) = (-f, . h) / (f: - fp) at support bottom 480 mm 6.10.5 TR.
[TLS] Tension zone, x = (-f; . h) / (f, - f:) at span top N/A|mm 6.10.5 TR.
Tension force, F; = -fyr . {(h-x) orx} . (b, orb) /2 614 kN 6.10.5 TR.
Tension area, A; = F; / [funct/on( )], $e= 25mm @ | 288MPa 2136/ mm? 6.10.5 TR.
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| | | BS8110
Deflection Criteria Rectangular or Flanged Beam BS8110 b

BS8110: The following deflection calculations assume an uncracked section for serviceability cl.4.3.6.2 BS8
classes 1 and 2 and (user defined %) cracked section for serviceability class 3, ‘ |
ACI318: The following deflection calculations assume an uncracked section for serviceability cl.24.2.3.8 AC]

class U and (user defined %) cracked section for serviceability classes T and C; \ cl.24.2.3.9 AC]
AS3600: The following deflection calculations assume an uncracked section for serviceability cl.8.5.2, cl.9.3.2 /
classes U and T and (user defined %) cracked section for serviceability class C; ‘ cl.6.2.5, cl.8.5.3.1

All codes: If the flat slab (FTW-FS-DS) option is selected, the deflection calculations assume an
uncracked section as the adopted stress limits ensure that a primarily uncracked behaviour is obtained,

Note deflection, § positive downwards; Note o positive downwards;

Elastic modulus, Eg = Eyncracked, 28 OF Eck 0% Cracking 11 GPa

Elastic modulus, E; = Ejncracked,28,cp OF Eck,cp 0% Cracking Ml GPa

Span, L 10.000/m

TLS beam loading, o1 s ge 35.0/kN/m

DL+SDL beam loading, wp+spL 110.0|kN/m

LL beam loading, o 50.0/kN/m

SLS beam loading, ogisg/e 160.0 kN/m

Multiplier for rectangular or flanged C; ; Include if relevant | W 0.8 0.8 ote
Multiplier for span more or less than 10m C; , Include if relevant | w \ 10/span ote
Multiplier for flat slab C, 3 ‘ \ Exclude 1.0 ote
Creep + live load deflection criteria Brittle finishes L/500 v ote
43 | | \ | | -

Onset of application of SDL and LL, %creep Immediately with 0% creep v cl.7.3
Creep modulus factor, Cyr | ' Storage loading, CMF=1/[1+f=2.0] v BS8110-2
Dead load, DL = DLy+DL,+DLy/ty+DLpgint n/L/tw+DLpoint v/ L/ tw 7.0|kPa

Superimposed dead load, SDL = SDL,+SDL, 15.0|kPa

Live load, LL = LLy+LL, | 10.0/kPa

Creep factor, kc = [(1-Cyg).(1-%creep).DL+SDL] / [DL+SDL]

Note conservatively, creep factor, k - calculated by assuming that both the elastic and creep
components of the deflection due to the SDL contribute to the in-service deflection check,

contrary to that which is assumed by MOSLEY, where only the creep component of the
deflection due to the SDL is considered;

Creep factor, Kcpr = (1-%creep) DC

13 |

Inclusion of Z8jimit,max ‘Include M:m

9 ————— e — — — T ————————————————————————————————————————
|

Detailing Requirements Rectangular or Flanged Beam (Continued)

% Min tensioned and untensioned reinf., (N1.Ng.As+Ag prov)/(by.h) 0.96|%

% Min tensioned and untensioned reinf. (>= 0.0024-0.0032b ,h G250; >= MAX (0.0013-0.0018, @/.3.1.7 TR.4

% Min tensioned and untensioned reinf. utilisation ‘ 090/ C

% Max tensioned and untensioned reinf., (N7.Ns.As+A; 50y )/ (by.h) 0.96|%

% Max tensioned and untensioned reinf. (<= 0.04b , h)

% Max tensioned and untensioned reinf. utilisation 4% C

/3 | | |

Min shear link diameter, ¢jin (>=6mm) 10|mm O

Shear link pitch, S ‘ ‘ 100|mm o

Note require S (<=0.75d pax (<=0.50d oy if V>1.89V ), <=4b,, <=300mm, >=MAX(100mm, 50+12.5n ¢,

Ay prov / (by.S) (>0.10% G460; >0.17% G250) | | | 0.63/% 0

Note require an overall enclosing link; Note require additional restraining links for each alternate longitudinal b
Note lacer bars of 16mm are required at the sides of beams more than 750mm deep at 250mm pitch;
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BS8110
BS8110 t
{10

Continuous (Infinitely, Encastre)

Cantilever

53600

AS3600

Duration

Term

Elastic and Creep Deflections DsLs,E/E

S/S. |8e.=50L"/(384EIrs/s1s/uLs)) +F(DLpoint ) N/A N/A [l
Cont. |8g =wL*/(384El s/ sisuLs))+f(Dlpd  100% 6.5 (A ] mm
Cant. |8g,=oL*/(8Elrs/sis/uis)) +F(DLpointnv) N/A [l

Prestress Deflection

(Due to Drape)

Note for simplicity, the prestress deflection (due to drape) calculation excludes
the support peak tendon reverse curvature; \ \

S/S. |Total drape, e4 = MAX (€sag, €var) — (ELHs+ER N/A N/A mm

S/S. | TLS equivalent load, orsey = -8P'.ey/L” N/A kN/m

S/S. |SLS equivalent load, ogis e = —8KPy.eq/L N/A kN/m
Cont. |Total drape, e; = MAX (€sac, €var) — (ELns+Er 720 720 mm
Cont. | TLS equivalent load, orsey = —8P'.eq/L” -121.9 kN/m
Cont. |SLS equivalent load, os; s g/ = —8KPy.e4/L? -104.8 kN/m
Cant. |Total drape, eq = MAX (€sag, €var) — €LHs N/A\ N/A mm
Cant. | TLS equivalent load, orsey = —2P'.eq/L” N/A kN/m
Cant. |SLS equivalent load, og.s g1 = —2KPg.eq/L? N/A kN/m
S/S. |8pr,0="50g)L*/(384EIrs/s15/uLs)) ‘ mm
Cont. |8pr.p=0g/ LY/ (384El1s/s15/uLs)) 100% mm
Cant. 8PT,D=0)E/LI-4/(8EITLS/(SLS/ULS)) ‘ N/A ul

Prestress Deflection
(Due to End Eccentricity)
S/S. |8pr,e=—[P' or KPy].(eins+€rus)/2.L*/(8ELris st N/A luly
Cont. |8pr g=—[P' or KPg]l.(eLys+erns)/2.L| 100% mm
Tendon termination at x=0 ? Continues
Tendon termination at x=L ? Continues ¥ |
Cant. |3pr =[P’ or‘ KPol.€rus-L*/(2EIris s s/us)) a a a MM
Note for simplicity, E/L effects due to any change of section not computed; 0
g | |
Total Deflection
28 = 3gL + Sprp + Spre ‘Y mm
De » a0 ard eep
Zdimit -L/350 L/250 L/500(C;,1.C1,2.Cy 3
ZSlimit, max -20.0 - 20.0/mm
); Z8)imit 32.0 16.0 [l
%8 / Z8jmit 7% 21% [ o«
Br;
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| | | | | BS8110
Bending at Design Section Rectangular or Flanged Beam (Tensioned Reinforcement) ote
ULS bending moment at design section, My s = Myisee + Msis,s/e kNm
Note by convention, a negative bending moment indicates hogging moment;
Ultimate moment of resistance (steel), M, s = Fist.2¢ = Figt.(dps—0.45%) ok kNm G
Ultimate moment of resistance (concrete), M, . = Fcc.Zc = Fc.(dps—0.45x%) e kNm C
|Eff. depth to tensioned reinf., d. | 840|mm
agging iMlome alid 0gging IMlome :
Idps = X¢sLsiuLs) T €sac dps =h-— X sLsuLs) — Choa
| | | |
Trial depth of neutral axis, x (usually 0.5d,,, 0.4d,s or 0.33d,) 380|mm
Ratio, x/dps ‘ ‘ ‘ 0.4 0
Check compression block within flange, 0.9x < h¢? .
- Total tensioned steel tensile strain, s sc = g55¢ + &bt 0.010
o > Prestress strain, ¢, s+ = [KPo/(N7.Ns.As)] / E, 0.0058
g-g Bending strain, e, st = [(dpsX)/X].&cy 0.0042
o Total tensioned steel tensile stress, o Jd N/mm?
%S |Ratio, 0y/0.95F, | 0.9
% 5 Tensioned steel yielded ? P elded
S F e ¢, <0.005 [Not Yielded]
€T
E § F,' ﬁslslzsllep
w9 S|+ 0.005 <., <0.005+ %" [Partially Yielded]
= 0 —
i~ x g
£, /1y, —0.8f, /1
0 =0, =08f /v, + (. 'f""f . o/ tn) (€00, —0.005)
~ [0.005. ok * Y 0.005]
o &
& foc/ Ym
i s €., 20005+ 2" = [Fully Yielded]
]
::"Ulsl 7fpk '[Ym

Total tensioned steel tensne force Fist = ot,s,t-N1.Ng. Ag

Total concrete compressive force, F.. ‘

Note F.. = 0.45f,.b,,.(0.9x) for rect- section or T- or L- sections (with hogging)

2697 oK
2697 OK

Ultimate moment of resistance at design section, ¢M, = £ $AVERAGE(M, s, M|

Ultimate moment of resistance at design section utilisat

Ultimate moment of resistance at design section, ¢M,

Codified Approach
nded and Unbonded Tendons)

M, =f LA, (d

bs — 0.45x) [Rectangular] or [Flanged - NA in Flange]

Note F .. = {0.45f,.b.(0.9x) if 0.9x <h( or 0.45f.,.(b-b,).h+0.45f,.b,,.0.9x if 0.9x>h(} for T-

kNm

44 '4Vnnl

cl.4.3.7.3

M, = £, (A, - A, )(d,, —0.45x)+0.45f, (b-b, )h,(d,, —0.45h,) [Flanged - NA in Web] .7.3.2 Krishna
Area of prestress tendon(s), A,s = Nt.Ng. A, ‘ ‘ 1680 mm? cl.4.3.7.4
Equiv. area of prestress for flange, Ay = 0.45f,.(b-b,,).(h¢/fy) N/A|mm? B.2 Krishna
Ratio, [foulps]/[foubd] | | | | 0.21

Note [fpu A ps J/[feubd] = [FpicA ps I/[feub wd ps] [Rectangular]; cl.4.3.7.3

Note [f o, Aps J/[feubd] = [foAps I/[fcubd ps ] [Flanged - NA in Flange];

cl.7.3.2 Krishna

Note [fpy A ps J/[Teubd] = [Fpi (Aps-Ape)l/[fcub wdps ] [Flanged - NA in Web],;

cl.7.3.2 Krishna

Ratio, foe/foy, = KPo/[Nr.N.As]/fpy < 0.60

Ratio, f,,/0.95f,, = f,p/0.95f,

Ratio, x/d = x/dps |

fuPos
fbd

pb T

L/d,

pe

7000 (1 1.7 2=

£ |,
<0.71,=0.7%,, x=2.47

s bo | =2 47| B fpbds
fbod T, fbd £, °

T.4.4

T.4.4

Ultimate moment of resistance at design section utilisation, My, s/0M,

98 I

OK
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Bending at Design Section Rectangular or Flanged Beam (Tensioned and Untensioned Rei

BS8110

ULS bending moment at design section, My s = Myisee + Msis,s/e kNm
Note by convention, a negative bending moment indicates hogging moment;
Ultimate moment of resistance (steel), M ¢ ‘ ‘ ‘ kNm
Note MU,S = Ft-lslt.zt- + Ft,s/u.zu = Ft,s/t.(dp5—0.45x) + Ft‘,S,U'(dl’b —0.45X),
|Eff. depth to tensioned reinf., d. | 840|mm
Sagging Moment Invalid Hogging Moment
Idps = X¢sLsiuLs) T €sac dps =h-— X sLsuLs) — Choa
| | | |
Trial depth of neutral axis, x (usually 0.5d,,, 0.4d,s or 0.33d,) 553|mm
Ratio, x/dcen ‘ ‘ ‘ D.64 OT O
Check compression block within flange, 0.9x < h¢? .
- Total tensioned steel tensile strain, s sc = g55¢ + &bt D.0076
o > Prestress strain, ¢, s+ = [KPo/(N7.Ns.As)] / E, 0.0058
g-g Bending strain, ey st = [(dps~x)/X].eqy 0.0018
) Total tensioned steel tensile stress, o N/mm?
%S |Ratio, 0y/0.95F, | .86
% 5 Tensioned steel yielded ? P elded
s e ¢, <0.005 [Not Yielded]
€T o
E % — = Oy = El‘s‘l'Ep
e c CIJ fk Iy . .
w 9 — He 0.005<¢,, <0.005+-=—" [Partially Yielded]
= b - E
L * P
f, /1y, —0.8f, /1
oy =0, = 0.8, /v, + (5 fn) (6., —0.005)
~ [o.oo5+ ok [ ¥m 0.005}
v &
&® fu/ Tm ,
il | L 0.005+"E7 [Fully Yielded]
P
= Gl,s,l = fpk 'lvm
Total tensioned steel tensile force, Fy st = ot N7.Ng.Ag 2546 (0] ¢
Total concrete compressive force, F.. ‘ 3922 OK
Note F.. = 0.45f.,.b,,.(0.9x) for rect- section or T- or L- sections (with hogging);
Note F .. = {0.45f,.b.(0.9x) if 0.9x <h( or 0.45f.,.(b-b,).h+0.45f,.b,,.0.9x if 0.9x>h(} for T-
Ultimate moment of resistance at design section, ¢M, = £ ¢M, ¢ s 424 4y C
Ultimate moment of resistance at design section utilisat onverged 63% O
Ultimate moment of resistance at design section, ¢M, g g kNm C
M, =f, A, (d., —0.45x) [Rectangular] or [Flanged - NA in Flange]. cl.4.3.7.3
E M, =T, (Aps -A, )(dcen —-0.45x)+0.45f (b-b,)h,(d., —0.45h,) [Flanged - NA in Web] 2 3.2 Krishna
-8 Equiv. area of prestress tendon(s), Aps = N7.Ng. As+Ag prov-fy/ ok 2457 \mm? cl.4.3.7.4
s E) Equiv. area of prestress for flange, Ay = 0.45f,.(b-b,,).(h¢/fy) N/A|mm? .2 Krishna
g5 [Ratio, [fouAp)/[fabd] | | | | 0.30
= T Note [fp,Aps I/[feubd] = [forAps I/[feubwdcen] [Rectangular]; cl.4.3.7.3
2- _g Note [fpy A ps J/[foubd] = [foAps I/[fcubd cen ] [Flanged - NA in Flange]; cl.7.3.2 Krishna
E g Note [fpy A ps J/[feubd] = [Fpi (A ps-Ape)1/[feub wdcen ] [Flanged - NA in Web]; cl.7.3.2 Krishna
E 5 Ratio, fpe/fou = KPo/[N7.Ng.As+A; proy-fy/fok]/fox < 0.60 T.4.4
g5 | |
5 Ratio, f,,/0.95f, = f,n/0.95f T.4.4
T |Ratio, x/d = x/deen |

7000
L/d,,

fuBos

pb

[1—1 7

pe
cu

- }so.Tfpu =0.7f,, x =

247 TPes Too g |5 47] Tt oo
f.bd f, fbd £, o

Ultimate moment of resistance at design section utilisation, My.s/¢M,

OK
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Member Design - PC Beam and Slab Madeby )X |Date 24/10/2026 ¢
BS8110
BS8110 t

Eff. depth to untensioned reinf., d,, 917 /mm
dgging Iviome alld ogging Mome alid

First Principles Approach
(Bonded Tendons Only)

dn = h-cover- @jin-[ ¢+ +(N jayers,tens 1) bt +5 - tens ) ]/2 [€xterior untensioned reinforcement];

d ., = h-cover-MAX( @iink, COVEr aqq)-[ ¢¢+(N jayers,tens ~1)( Pt +S rtens )1/ 2 [€xterior untensioned reinforg

Eff. depth to centroid of tensioned and untensioned reinf., den 864|mm cl.4.3.8.1
Note dcen = [NT-Ns-As-dps +As,prov-fy/fpk'drb]/[NT'Ns'AS +As,prov-fy/fpk];
Eff. depth to max of tensioned and untensioned reinf., dmax 917|mm cl.4.3.8.1
Note d 2 = MAX (dpS/ dmw); ‘ ‘
Total untensioned steel tensile strain, .y = &psu 0.00
Bending strain, e,y = [(dip-X)/X].eqy 0.0023
Total untensioned steel tensile stress, o, mN/mm2
Untensioned steel yielded ? elded
f /v, )
B *g,, < [Not Yielded]
N - K
| r:J 2 :>Gt‘s.u =€|.s‘u'Es
| 5 S fly
| | L%o Q@ vg., > YES"‘ [Fully Yielded]
B =6, =11V,
Total untensioned steel tensile force, Fisu = ot,u-As,prov 1376 OK

| ULTIMATE BENDING STRENGTH®

For rectangular beams or T beams with neutral axis in flange:

Codified Approach
(Bonded and Unbonded Tendons)

D25

D20

| Mu AL
f_bd"

005 =

o LR R IIIIiIIIII-IIIII:IIIIiIIII:IIIIIiIIIIiIIII IIIII-

0ps 010 045 D20 025 030 035 040 045 DEQ

B fuPs
f.bd

Table 4.4 — Conditions at the ultimate limit state for rectangular beams with pre-tensioned
tendons or post-tensioned tendons having effective bond

ol Design stress in tendons as a proportion of the Ratio of depth of neutral axis to that of the
Lk L design strength, /’.,n)ﬂ-ﬂ-’rf,m centroid of the tendons in the tension zone, x/d
/m,”] flw/flm /I"'//X'"
H 0.6 0.5 0.4 0.6 0.5 0.4
0.05 1.00 1.00 1.00 0.12 0.12 0.12
[ ] 0.10 1.00 1.00 1.00 0.23 0.23 0.23
| | /0.15 0.95 0.92 0.89 0.33 0.32 0.31
0.20 0.87 0.84 0.82 0.41 0.40 0.38
1 10.25 0.82 0.79 0.76 0.48 0.46 0.45
0.30 0.78 0.75 0.72 0.55 0.53 0.51
[ ]0.35 0.75 0.72 0.70 0.62 0.59 0.57
0.40 0.73 0.70 0.66 0.69 0.66 0.62
0.45 0.71 0.68 0.62 0.75 0.72 0.66
0.50 0.70 0.65 0.59 0.82 0.76 0.69




Job No. Sheet No. \ Rev.

CONSULTING |Engineering Calculation Sheet
ENGINEE R S|Consulting Engineers FXXX 35

‘ ‘ ‘ Member/Location

Job Title |Member Design - Prestressed Concrete Beam and Slab [Po- Re®

Member Design - PC Beam and Slab Madeby )X |Date 24/10/2026 ¢
| | | BS8110
Bending at All Sections Rectangular or Flanged Beam (Tensioned and Untensioned Reinfo ote
) D.000 U 0]0 DOC 539 S b6 4 v
06 4168 B26 D6 8 kNm
] -196 -160 -52 175 346 460 517 mm
ps,va 840 804 696 532 702 816 873 mm
2 553 552 546 150 150 150 150 mm
Iy 4 N/A N/A N/A Yes Yes Yes Yes

0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058
0.0018 0.0016 0.0010 0.0089 0.0128 0.0155 0.0168
0.0076 0.0074 0.0068 0.0147 0.0187 0.0213 0.0226

endo Partially | Partially | Partially Fully Fully Fully Fully
elded Yielded Yielded Yielded Yielded Yielded Yielded Yielded
. ] 1515 1507 1484 1771 1771 1771 1771  |N/mm?
2546 2532 2492 2976 2976 2976 2976 |kN
] 3922 3909 3869 4051 4051 4051 4051 (kN
d,s 917 917 917 937 937 937 937 mm

0.0023 0.0023 0.0024 0.0183 0.0183 0.0183 0.0183
] 0.0023 0.0023 0.0024 0.0183 0.0183 0.0183 0.0183
Reba Fully Fully Fully Fully Fully Fully Fully

elded Yielded Yielded Yielded Yielded Yielded Yielded Yielded
o 2 438 438 438 438 438 438 438 N/mm? -
1376 1376 1376 1075 1075 1075 1075 kN 2 S
d 424 : D4 8 5 kNm gé
0 erg e e e e o 2
<
% % 41% % n S
0 0 0 0 O 0 0 L=
[V}
» : 8 0.000 9.500 D.000 o F
c o
= 90 Se 0S D6 kNm T 9
a T
] 517 460 346 175 -52 -160 -196 mm # g
« g 873 816 702 532 696 804 840 mm =0
2 150 150 150 150 546 552 553 mm
=) & Yes Yes Yes Yes N/A N/A N/A

0.0058 0.0058 0.0058 0.0058 0.0058 0.0058 0.0058

0.0168 0.0155 0.0128 0.0089 0.0010 0.0016 0.0018

] 0.0226 0.0213 0.0187 0.0147 0.0068 0.0074 0.0076
endo Fully Fully Fully Fully Partially | Partially | Partially

elded Yielded Yielded Yielded Yielded Yielded Yielded Yielded
. ] 1771 1771 1771 1771 1484 1507 1515 |N/mm?
2976 2976 2976 2976 2492 2532 2546 |kN
a 4051 4051 4051 4051 3869 3909 3922 |kN
d,p 937 937 937 937 917 917 917 mm

0.0183 0.0183 0.0183 0.0183 0.0024 0.0023 0.0023
] 0.0183 0.0183 0.0183 0.0183 0.0024 0.0023 0.0023
Reba Fully Fully Fully Fully Fully Fully Fully

elded Yielded Yielded Yielded Yielded Yielded Yielded Yielded
o 2 438 438 438 438 438 438 438 N/mm?
1075 1075 1075 1075 1376 1376 1376 |kN
0 3 B S D4 S 424 kNm
0 U 0 U U 0 U

Ultimate moment of resistance utilisation, MAX (My.s var/Muy,var)
Convergence of moment of resistance equations
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BS8110
BS8110 t

|| Bending (at All Sections)
B -3000
. }\ \ /
— ~
1 & 1000 L

Z
B 5 0.@00 2.000 4.000 6.000 8.000 10.000 12.p00
— E 0 [
| ] o

£
12 1000
I S

._E
—1 3 2000 \ ,
| | m
— 4000

Distance, x (m)

e \ULS,var

e f\u,var

Note by convention, a negative bending moment indicates hogging moment;

Note above M ;s var

=M ULS,E/E,var

t+ M sis,s/evar;
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Job Title |Member Design - Prestressed Concrete Beam and Slab |Po Ref
Member Design - PC Beam and Slab Made by} | Date 24/10/2026

| | | | | BS8110 [PC
Shear at Critical and (Shear) Design Section Rectangular Beam m

Shear at Critical and (Shear) Design Section Add. Code Options [Appl. When BS8110 Chosen]

| | | | | | |

BS8110 and TR.43-1 [PC] | BS8110 [RC] | EC2 and TR.43-2 [PC] 1B58110|TR43-1(PC] ¥ |

ﬂm

Shear at Critical Design Section Rectangular Beam

ULS shear force at critical section, Vy = ABS (Vyis,ee + Vsis,s/e) 01 [\
Ult. shear stress at crit. sect., vy = Vu/bydean, uie (< 0.8F.,%° & {5.0,7.0}N/ FUN/mm?  [3.4.5.2, cl.
Ult. shear strength at crit. sect., MIN{0.8f_,%" & {5.0,7.0}N/mm*=} 4 N/mm? [3.4.5.2, cl.
Breadth, b, = b,—~(2/3 BD, 1 un-BD).Nr.MAX(Dr,,Drv) Exclude duct W 500 |mm cl.4.3.8.1
ULS bending moment at critical section, My = Mys g/e,var(X=0) + Mgs, s/E,var(X= kNm
Note by convention, a negative bending moment indicates hogging moment;

| 840 mm N/A

Invalid

Hogging Moment

=h— XesLsuLs)y — ©var (X = 0)

Note d ., calculated based on actual section, rectangular or flanged, X . (s syus) propert

V4

Eff. depth

t0 As provs Oro | 917|mm

N/A

Sagging Moment Invalid Hogging Moment

Sag |d ., = h-cover- gjin-[ ¢+ +(N jayers,tens ~1)( d¢ +S rtens )1/2 [exterior untensioned reinforcement];
Hog |d » = h-cover-MAX( ¢jink, COVEr aqq)-[ ¢¢+(N jayers tens ~I)( Pt +S rtens )1/ 2 [€Xterior untensioned reinforc
Eff. depth to centroid of A; and A v,y at critical section, dcen,uit ‘ ‘ 864‘mm | cl.4.3.8.1

Note d cenur = [N7.Ns.Ag.dpsuit YA sprov-Fy/Fox-d e I/[N7.Ns.As+Ag prov . Fy/Fric ]} Note d cep e >0.8h in ACI318;

Eff. depth to max of A; and A, ., at critical section, dmay,uit 917|/mm B.8.1, cl.4.]
Note d pmaxur = MAX (d ps,uie, dm); Note d pay e >0.8h in AS3600;

Ultimate shear stress at critical section utilisation o
Shear at (Shear) Design Section Rectangular Beam

(Shear) design section distance, X4 ‘O%L \L‘ 0.000|m

Note that the (shear) design section location differs to that of the (bending) design section location;

ULS shear force at (shear) design section, V4

| = 130 [

Note V4 = ABS (V yis,e/evar (X=X q) + Vs sievar (X=X q));

Note no sign convention applicable as ABS function applied;

ULS bending moment at (shear) design section, My kNm
Note My = M yis,e/evar (X=Xa) + Msis,sievar (X=X g);
Note by convention, a negative bending moment indicates hogging moment;
Eff. depth to A, at (shear) design section, dp. q \ 840|mm N/A
Sagging Moment Invalid Hogging Moment
Note d s 4 calculated based on actual section, rectangular or flanged, X . (sisjus) property;
Eff. depth to Aq prov, dro | 917|mm N/A

Sagging Moment Invalid Hogging Moment

Sag |d ., = h-cover- @jini-[ ¢t +(N jayers,tens ~1)( P+ +S rtens )1/ 2 [€Xterior untensioned reinforcement];

Hog |d ;, = h-cover-MAX( $jink, COVEN 2gq)-[ ¢t +(N jayers tens ~1)( ¢t +S rtens )1/2 [€xterior untensioned reinforc
Eff. depth to centroid of A; and A ;. at (shear) design section, dcen,q ‘ 864‘mm | cl.4.3.8.1
Note d ceng = [N7.Ns.As.dpsa+Asprov-Fy/Foic-dml/INT.Ns.As+Asprov .y /Fri]; NOte dcenq>0.8hin ACI318;
Eff. depth to max of A; and A, ., at (shear) design section, dmax,q 917 /mm B.8.1, cl.4.]
Note d maxa = MAX (dpsq, d); Note d pmayq>0.8h in AS3600;
Design shear stress at (shear) design section, vy = Vy/b,d . 4 mN/mm2 cl.4.3.8.1




Job No. Sheet No. \ Rev.

CONSULTING |Engineering Calculation Sheet

ENGINEE R S|Consulting Engineers XXX 38
Member/Location
Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Madeby X | Date 24/10/2026
[/ BS8110 [P(]
BS8110 [t
Uncracked design shear resistance, Veo: 757 kN cl.4.3.8.4
| Voo = 0.67b Ay (f2 + 0.8f f) + V,
Uncracked design shear strength, V_./b.,h \ 1.51|N/mm?
Vertical component of prestress force, V, = v,.KPgsinp 131 kN cl.4.3.8.4
Maximum design principal tensile stress, |ﬂ =0.24fou , £, <80N/mm* | 1.42|N/mm? cl.4.3.8.4
Comp. stress at centroid, fe,/pc[ocp] = KPo/Asis/uis) 1.3 N/mm2

Note f . pc[ 0¢p ] Calculated based on actual section, rectangular or flanged, A (s;syus) property;
1.3.8.1 Note for pre-tensioned members, where the design section occurs within the prestressed
7.3.8.1 development length, the compressive stress at the centroidal axis due to prestress, f p/pc[ 0cp ]
should be calculated based on cl.4.3.8.4 BS8110 [cl.6.2.2(2) EC2] and cl.22.5.9 ACI318;

Cracked design shear resistance, V.. ‘ ] 256 670(kN cl.4.3.8.5
Cracked design shear strength, V./b.d....4 | | 1.55|N/mm? cl.4.3.8.1
. et pe vV Note V, M and d refer to V. |My]

V,.=(1-055-—=)v.b d+M, W = 0.1b,dvf,, and d..,,  respectively;

pu

v, = (0.79/1.25)(p,f../25)"3(400/d..,. 4)""*; p,<3; f.,<80; (400/d.., 4)""*>(0.67 or

Vertical component of prestress force, V, = v,.KPgsinp N/A| kN
Component (1-0.55f . /f..).vb,den 4 247|kN cl.4.3.8.5
Component My.V/M 423 kN cl.4.3.8.5
BS8110 and TR.43-1 [PC] | BS8110 [RC] | E 247 423 kKN
ACI318 N/A N/A |kN
bment]; AS3600 N/A N/A (kN
Ratio, fpe/fou = KPo/[NT.Ng. As+A; proy.fy/fpl/fox < 0.60 0.40 cl.4.3.8.1 BS8
Note f,./f,, refers to ratio of design effective prestress to ultimate tensile strength in reinforcemen
.8.8 INENSAHA, oy ‘ ‘ ‘ ‘ ‘ 4822 mm’ cl.4.3.8.1
Pu = 100(Nr.N_A+A. o)/ budecn g 1.12(% cl.4.3.8.1
Bending moment for zero tensile stress, Mg = 0.8f,:Zpt,(sLs/uLs) 494 1 4iInl cl.4.3.8.1
Comp. stress at extreme tensile fibre due to prestress, f,; 3.1|N/mm?
dgging viome =1][e ogging Mome alid
F = KR, + KR8\ (X = Xd) Hf — KP, _ KPye o (X = X4)
A z A z
(SLS/ULS) b,(SLS/ULS) 1 (SLS/ULS) t(SLS/ULS)
Note f cel/cu/ated ba‘sed on actL‘/al section, ‘rectangu/ar‘ or flanged‘, A sisqus) and Z v sisuis) Prope
Shear enhancement near support, K = 2dan a/xg Include | ¥ 4.00 cl.3.4.5.8, cl.4.]
Design shear resistance, V. = {V uncracked, MIN (V, V) cracked} kN cl.4.3.8.3
Uncracked section (|Mqy| < Mgct) 1521 <€ 494 kNm Invalid
Cracked section (|My| = Mgct) 1521 =2 494 kNm Valid
Minimum shear strength, v, = MAX (0.4, 0.4(f../40)*?), f,,<80N/mm? L N /mm? 3.4.5.3 B
| | | | | |
Check V4 < 0.5k,,;,.V: (beam) (minor elements) or 1.0k,,,.V. (slab) f¢ VALIDEN:IE cl.4.3.8.6
Kanh Ve 2680(kN cl.4.3.8.5,
Check 0.0 (beam) or 1.0k,,;,.V. (slab) < V4 < k.,i,.V.+NL for nominal li VALID cl.4.3.8.7
Agv.nom/S > v.b,/(0.95f,,), f,,<460N/mm? i.e. Ay, nom/S > WA m?/mm B.8.7, cl.4.]
Kenh-Vet+NL = v.b,dgn o + Kann Ve B kN cl.3.4.5.8,
Check V4 > kg, V. +NL for design links N/A cl.4.3.8.8
ApfS > (Vg-Kenn VI/(0.95F,,.dav.a), f S460N/mm?ie. A, /S > IA mm?/mm |[cl.3.4.5.8,
Kanh-Vet+DL = (Agy prow/S).(0.95F,,) . dmase.d + Kanhe Ve, Fl 460N/ mir 3939|kN cl.3.4.5.8,
Area provided by all shear links in a cross-section, Agy prov 314|mm?
Tried Ag,pro/S Value | | | | 3.14|mm2/mm

Design shear resistance at (shear) design section utilisation q:“
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i | BS8110 [PQ
Shear at All Sections Rectangular Beam BS8110 [t
» D.000 U 0]0 DOC 539 S b6 4 v
0 0 84 8 0 D4 kN
-1521 -965 -468 271 826 1196 1381 |kNm
-196 -160 -52 175 346 460 517 mm
864 840 766 639 765 848 890 mm
917 917 917 937 937 937 937 mm
0 D B 5 D D N/mm?
1.42 1.42 1.42 1.42 1.42 1.42 1.42  |N/mm?
. 1.3 1.3 1.3 1.3 1.3 1.3 1.3 [N/mm?
0 757 885 1053 1024 914 800 684 kN
0.40 0.40 0.40 0.43 0.43 0.43 0.43
0 1.12 1.15 1.26 1.29 1.08 0.97 0.93 |%
3.1 2.8 1.8 4.2 7.0 8.8 9.8 |N/mm?
0 494 442 284 370 619 784 867 kNm
4.00 3.36 1.53 1.00 1.00 1.00 1.00
670 724 739 916 602 432 300 kN
ed Yes Yes Yes No Yes Yes Yes
i 2680 2433 1133 1024 602 432 300 kN
b 8 60 B6 60 478 kN
b 3939 3692 2392 2310 1888 1718 1586 |kN
0 VALID VALID |INVALID|INVALID|INVALID|INVALID| VALID
VALID VALID VALID VALID VALID VALID VALID
N/A N/A N/A N/A N/A N/A N/A
D.46 D.46 D.46 D.46 D.46 D.46 D.46 mm?2/mm
O/0 D% 490 D% 409%0 Y/ D %0 %0
0 0 0 0 0 0 0
) 444 b o 9.000 > 1]0 D.000
D4 0 B 84 0 0 kN
1381 1196 826 271 -468 -965 -1521 [kNm
517 460 346 175 -52 -160 -196 [mm
890 848 765 639 766 840 864 mm
937 937 937 937 917 917 917 mm
D D.74 5 : D D N/mm?
1.42 1.42 1.42 1.42 1.42 1.42 1.42 |N/mm?
. 1.3 1.3 1.3 1.3 1.3 1.3 1.3  |N/mm?
-684 -800 -914 -1024 -1053 -885 -757 |kN
0.43 0.43 0.43 0.43 0.40 0.40 0.40
0 0.93 0.97 1.08 1.29 1.26 1.15 1.12 (%
9.8 8.8 7.0 4.2 1.8 2.8 3.1 [N/mm?
0 867 784 619 370 284 442 494 kNm
1.00 1.00 1.00 1.00 1.53 3.36 4.00
-300 -432 -602 -916 -739 -724 -670 |kN
ed Yes Yes Yes No Yes Yes Yes
d -300 -432 -602 -1024 -1133 -2433 -2680 |kN
b 478 60 B6 60 8 kN
b -1586 -1718 -1888 -2310 -2392 -3692 =3939 |kN
0 VALID |INVALID|INVALID|INVALID|INVALID| VALID VALID
VALID VALID VALID VALID VALID VALID VALID
N/A N/A N/A N/A N/A N/A N/A
D.46 D.46 D.46 D.46 D.46 D.46 D.46 mm?2/mm

Note an arbitrary shear force sign convention is employed; Note above V 4,or = V yise/evar + Vsis,s/evars

Design shear resistance at (shear) design section utilisation

72%

(0] ¢
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I |

BS8110 [PC]

Punching Shear at Column Support Rectangular Beam

Punching Shear at Column Support Add. Code Options [Appl. When BS8110 Chosen]

| |

BS8110 and TR.43-1 [PC] | BS8110 [RC] | EC2 and TR.43-2 [PC] % BS8110 | TR.43-1 [PC]

|

~ e

Punching Shear at Column Support Add. Parameters Options

Include or exclude secondary effects in punching shear force computation |

Include punching shear force reduction within perimeter ?

Include 100%

Include

| |

Location for calculation of eff. depth, deen | drp | dmax ?

Location for calculation of ecc. of prestress force, e* ?

Inclusion of the MgVy/ M| term ?

At shear perimeter

At shear perimeter

Include

KIKIKINRIK]

Punching Shear at Column Support Rectangular Beam

ULS shear force at critical section, Vy = ABS (Vyisg/e + Vsis,s/e) Y KN
ULS bending moment at critical section, My = My;s g/e,var(X=0) + Mgy, s/E,var(X= W KNmM
Note by convention, a negative bending moment indicates hogging moment;

Ratio, V i/ |Myi| (usually 5.5/L to 6.0/L for int. columns, cl.6.11.2 TR.43) N/A|/L

ULS punching shear into column, V, = 2V (internal), V (edge), V. (corner)

T <

Note full column tributary punching shear force, V. = 2V (internal), V . (edge), V . (corner);

Eff. depth to Aq provn-r drp |

‘ N/A‘mm

N/A

Note d , = h-cover-MAX( ¢ ink, COVEr aaq)-[ ¢t +(N 1ayers,tens ~1)( ¢t +S rrens )1/2 [€xterior untensioned reinforcemen

Ultimate shear strength, MIN{0.8f_,"% & S5N/mm?}

| |

Column Face Perimeter

Eff. depth to A, dps1 = h-Xc (sts/uis)-€var(X = lnno/2 OF Iy x/2) N/A|mm

Eff. depth to centroid of A; and A, prov,h, deen,1 N/Amm cl.4.3.8.1

Eff. depth to max of A; and A prov,hy Amax,1 N/A cl.4.3.8.1, cl.4.]

Shear force at column face, V; = (Vi-Vieduced,1) Y KN
Rectangular | Circular

1c|ecicC: i no -1 nn 7.l pp?/4 | N/A N/A |m?

Eff. shear force, Ver; = (1.15 int., 1.40 edge, 1.50 corner column) . V, kN cl.3.7.6

Column face perimeter, u, \ N/A|mm cl.3.7.6.1
Rectangular | Circular

IC: 2.(Ihp+nn) 7. dpp N/A N/A |mm

EC: 2l pp+ i OF 20+ pp 3/4( 7.l np) N/A N/A |mm

CC: (Ino+nn)] | 7dnp/2 | N/A N/A|mm

Shear stress at column face perimeter, vy = Vg / uyd., ; (< 0.8f "7 &5 N/mm? |cl.3.7.7.2

Ultimate shear stress utilisation

cl.3.7.7.2
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/ BS8110 [P(]
BS8110 [t
First Shear Perimeter @1.5d cep,2 N/A to @0.0d cep,2 N/A |mm cl.3.7.7.6
Eff. depth to A, dps,2 = h-X,(sLs/uLs)-€var(X=@shear perimeter) i N/A|mm [
Eff. depth to centroid of A; and A prov,hs deen,2 N/Amm cl.4.3.8.1
Eff. depth to max of As and A, ;rov,hr Amax,2 N/A|mm B.8.1, cl.4.]
Shear force at first shear perimeter, V, = (Vi-Vieduced,2) Y KN
\ \ Rectangular | Circular
IC: (T, +3d can2)-(1 5,0 +3d o 2 ) (1,0 +3d cen2)* N/A N/A | m*
EC: (146 +1.5d can 2 ). (15 +3d cen 2 ) Qo +1.5d cn 2 )- (T4 0 N/A N/A m?
cc: (lnp+1.5d con 2 ). (1o n +1.5d cen s (150 +1.5d cen 2)° N/A N/A |m?

Eff. shear force, Ve, = (1.15int., 1.40 edge, 1.50 corner column) . V, kN cl.3.7.6
Column first perimeter, u, < {2L+2L,L+L,L+L,L/2+L/2} ‘ N/Amm cl.3.7.7.6
‘ ‘ Rectangular | Circular

IC: 2.1+ hp)+12d o 4l p+12d o 2 N/A N/A |mm
EC: 2o Hon+6d ez 0r 204 4 H iy 1 1315 o +6d oo 2 N/A N/A |mm
Cc: (Tho+H pn)+3d a2 2 pp+3d on 2 N/A N/A Imm
Shear stress at column first perimeter, vo = Vago / Usdeanz NN/mm? ote
Width of design strip first shear perimeter, b, < b,, Amm
\ \ Rectangular | Circular
IC: (Thp | Thn)+3d cen 2 Ihp+3d can 2 N/A N/A |mm
EC: (Top | Ton)+1.5-3d oo 2 lho+1.5-3d oo > N/A N/A |mm
cc: (o | 1pp)+1.5d oz lho+1.5d con 2 N/A N/A 'mm
Hog Steel Tendons
Pwz = 100.N:.N_.A/b,d.cnz + 100.A, oy h/budecn 2 N/A N/A N/A| % ote
vez = (0.79/1.25)(p,, of 0./ 25)Y3(400/d o 2)*?, Pu2<3, fo,<40, (400/d_.. 2) N/A[N/mm? |cl.3.4.5.4
Veo,z = 0.67bzhv/(f*+0.8f f), fi=0.24f_,, f,=KPo/Ais 5/uis), fou S40N/mm? N/A|[kN 6.11.2 TR.5
V2 = veobadeanz + Mg oVy/ [ Myl 2 O-lbgd:en,z‘\v"’f:q: f:u54Ome|'f| N/A N/A|kN 6.11.2 TR.4
Decompression, Mg >=0.8(KPo/Asis/uis))- Z*t,(sLs/usy—0.8KPy*e* N/A|kNm
Z, for by, Z*¢ (sis/uis) = Fsisius)/X*osisuis) = (b2:h*/12)/(h/2) N/A|x10°cm?
Prestress force at SLS over b, only, KPy* = KPqy.b,/b,, N/A|kN
Ecc. of prestress force, e* ‘ ‘ N/Almm
Note e* = x . (sisius) + € var (X=@col face to shear perimeter) - [x* . sis/us) =h/2];
Ve = {Veo 2 uncracked, MIN (Ve 2, Ver2) cracked} ON/A | N/A Y kN 6.11.2 TR.4
Ve2/bzdeen 2 ‘ ‘ ‘ ‘ IN/mm? [cl.4.3.8.1
| | |
Case v; <V _5/byd ., 2 N/A N/A cl.3.7.7.6
No links required.
Case V_,/bydcenz < va < 1.6V 3/bod e 2 N/A N/A N/A cl.3.7.7.5
(v—v )ud - N/A N/mm’
LA_ sina = 0957 f,, <460N/mm* N/A >= N/A  |mm?
dzdcen,é‘
5 N/A N/mm?
Case 1.6V, 2/bydcen 2 < v2 < 2.0V, /byd, N/A N/A_ T c.3.7.7.5 |
) ) 5(0.7v—v ud = N/A N/mm”
LA_ sind = ——————— [460N/mm - N/A >= N/A mm?
8% 0.9:1}“‘,\,
d=d max 2
Note |ZA, sina =]0.4ud/0.95f,] N/A  |N/mm?
Case v, > 2.0V_,/b,d_., > . N/A cl.3.7.7.5
| | |
First shear perimeter shear utilisation : A
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Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Made by (X |Date 24/10/2026
/ BS8110 [P(]
BS8110 [t
Second Shear Perimeter @2.25d cep, N/A to @0.75d cep, N/A |mm cl.3.7.7.6
Eff. depth to A, dps,3 = h-X,(sLs/uLs)-€var(X=@shear perimeter) i N/A|mm
Eff. depth to centroid of A; and A prov,hs deen,3 N/Amm cl.4.3.8.1
Eff. depth to max of Ag and A rov,hr Amax,3 N/A|mm B.8.1, cl.4.]
Shear force at second shear perimeter, Vs = (Vi-Vieduced,3) Y KN
\ \ \ Rectangular| Circular
IC: (11,6 +4.50 con 3 ). (5o +4.5d can s J(1 50 +4.5d an 5) ° N/A N/A |m?
EC: (Thp+2.25d o 3)- (10 +4.5d o (1 10 +2.25d o 5 ). (11, N/A N/A |m?
cC: (Ihp+2.25d cp 5 ).(1np +2.25d (10 +2.25d .o 5 ) ° N/A N/A |m?

Eff. shear force, Vesz = (1.15int., 1.40 edge, 1.50 corner column) . V3 kN cl.3.7.6
Column second perimeter, uz < {2L+2L,L+L,L+L,L/2+L/2} ‘ N/A|mm cl.3.7.7.6
\ \ \ Rectangular | Circular

IC: 2.1+ hp)+18d o 5 4l 0+18d o, 5 N/A N/A |mm
EC: 2o Hon +9d a3 0r 204 4 H o 61315 £ +94d e 3 N/A N/A |mm
CC: (The+Hnn)+4.5d cen s 2l p+4.5d o0 N/A N/A |mm
Shear stress at column second perimeter, va = Vs / Usdean 3 NN/mm? ote
Width of design strip second shear perimeter, b; < b, Amm
\ \ Rectangular | Circular
IcC: (Voo | Thn)+4.5d o 5 o p+4.5d o 5 N/A N/A |mm
EC: (Ine | 1nn)+2.25-4.5d o 2 o p+2.25-4.5d o 3 N/A N/A |mm
cc: (Uho | 1np)+2.25d 0 5 Iy 0+2.25d op 5 N/A N/A 'mm
| | |
\ \ Hog Steel Tendons
Puz = 100.Nw.NoA/bydecn s + 100.A Loy i/bubean,s N/A N/A N/A|% ote
vz = (0.79/1.25)(py,afcu/25)3(400/dcan,z) ", Pua<3, fou<40, (400/dcen,3) N/AIN/mm? |cl.3.4.5.4
Veoz = 0.67bshV/(fZ+0.8f_f.), f.=0.24Vf,, f.o.=KPo/Arsisruey, Fou 40N/ mm? N/A|kN 6.11.2 TR.4
Vs = Ve,abadeen s + MoaVu/ IMuil = 0.1b3deen 3 Vo, Fou<40N/mn| N/A N/A|KkN 6.11.2 TR.4
Decompression, Mg 3=0.8(KPo/Asis/uis))- Z*t,(sLs/us)y—0.8KPy*e* N/A|kNm
Z, for bs, Z* (sis/uis) = Fsisius)/X*osispuis) = (bsh’/12)/(h/2) N/A|x10°cm?
Prestress force at SLS over b; only, KPg* = KPy.bs/b,, N/A|kN
Ecc. of prestress force, e* ‘ ‘ N/Almm
Note e* = x . (sisius) + € var (X=@col face to shear perimeter) - [x* . sis/us) =h/2];
Ves = {Ve 3 uncracked, MIN (Vo 3, Ver.3) cracked}  ON/A | N/A Y kN 6.11.2 TR.4
Ve,a/bzdeen 3 ‘ ‘ ‘ YN/ mm?  [cl.4.3.8.1
| | |
Case vz < V_3/bad ., 3 N/A N/A cl.3.7.7.6
Mo links required.
Case V_3/byd ez < vz < 1.6V_2/bad. ., N/A N/A N/A cl.3.7.7.5
(v—v ud - N/A N/mm’
LA, sine = —o f,. <460N/mm* N/A >= N/A  |mm?
dzdcen_,_':‘
; N/A N/mm?
Case 1.6V, 2/bsdens < vs < 2.0V, 2/b:d N/A N/A_ T c.3.7.7.5 |
) ) 5(0.Tv—uv yud 5 N/A N/mm?
LA_ sinat = ——————— 460N/ mm * N/A >= N/A mm?
8% U'.Fiufm,
d:dmax,j‘
Note |EA_ sina =]0.4ud/0.95f,. N/A  |N/mm?
Case v; > 2.0V_3/bad .3 A N/A cl.3.7.7.5
| | |
Second shear perimeter shear utilisation . A
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Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Made by (X |Date 24/10/2026
/ BS8110 [P(]
BS8110 [t
Third Shear Perimeter @3.0d cen,4 N/A to @1.5d cen,4 N/A |mm cl.3.7.7.6
Eff. depth to A, dps,a = h-X,(sLs/uLs)-€var(X=@shear perimeter) i N/A|mm
Eff. depth to centroid of A; and A prov,hy deen,4 N/Amm cl.4.3.8.1
Eff. depth to max of As and A, ;rov,hr Amax,4 N/A|mm B.8.1, cl.4.]
Shear force at third shear perimeter, V4 = (V¢-Vieduced,a) Y KN
\ \ Rectangular | Circular
IC: (Th,6 +6d cena)-(Ipp +6d cen 4 ) (14,0 +6d cana) N/A N/A |m
EC: (1ho+3d cona ). (lnn +6d ccna) or (110 +3d cen s )- (150 + N/A N/A m
cc: (1,6 +3d cen g )-(1pp +3d cen o) (Iho+3d cena) N/A N/A m
Eff. shear force, V4 = (1.15 int., 1.40 edge, 1.50 corner column) . V4 kN cl.3.7.6
Column third perimeter, u, < {2L+2L,L+L,L+L,L/2+L/2} ‘ N/Amm cl.3.7.7.6
\ \ \ Rectangular | Circular
IC: 2.0+ pp ) +24d con s 440 +24d (o s N/A N/A |mm
EC: 2y oy +12d g OF 214+, {31 p+12d ., s N/A N/A |mm
cc: (Thp + pp)+6d n s 2l p+6d cen s N/A N/A Imm
Shear stress at column third perimeter, vy = Vg a / Usdoan o NN/mm? ote
Width of design strip third shear perimeter, b, < b,, Amm
\ \ Rectangular | Circular
IC: (Tho | Thn)+6d cns o +6d con 4 N/A N/A |mm
EC: (Fne | Tnn)+3-6d cn s Vo o+3-6d con 4 N/A N/A |mm
cc: (The | 1np)+3d can s I 'ho+3d cen 4 N/A N/A |mm
‘ ‘ Hog Steel Tendons
Puwa = 100.N-.N_.A/b,dccn s + 100.A, ooy n/bDudccn 4 N/A N/A N/A| % Ote
Ves = (0.79/1.25)(py, af o/ 25)Y3(400/d an 4) %, Pua<3, fou<40, (400/d..n ) N/A|N/mm? cl.3.4.5.4
Vo4 = 0.67bshV/(f*+0.8f f), fi=0.24f_, f,=KPo/Ais s/uis), Fou S40N/mm? N/A|[kN 6.11.2 TR.1
Vg = Veabadean,a + Mo aViw/ IMyil 2 0.1bydcan aVFey, fou<40N/mn] N/A N/A|KkN 6.11.2 TR.4
Decompression, Mg 4=0.8(KPo/Asis/uis))- Z*t,(sLs/us)y—0.8KPy*e* N/A|kNm
Z, for by, Z*(sis/uis) = Fsisius)/X*osisuis) = (bah®/12)/(h/2) N/A|x10°cm?
Prestress force at SLS over b, only, KPg* = KPy.b,/b,, N/A|kN
Ecc. of prestress force, e* ‘ ‘ N/Almm
Note e* = x . (sisius) + € var (X=@col face to shear perimeter) - [x* . sis/us) =h/2];
Ve = {Veo,4 Uncracked, MIN (Vco,4, Ver,4) Cracked} N/A | N/A Y kN 6.11.2 TR.1
Vea/badeana ‘ ‘ AN/mm?  |[cl.4.3.8.1
| | |
Case v, <V 4/bad en s N/A N/A |cl.3.7.7.6
Mo links required.
Case V_4/bsd epn,a < va < 1.6V _,4/byd .y, . N/A N/A N/A cl.3.7.7.5
(v—v ud - N/A N/mm’
LA, sino = —— £y <460N/mm=  N/A >= N/A  |mm?
dzdfen_,4 :
7 | N/A N/mm?
Case 1.6V a/badcens < va < 2.0V_a/bad N/A N/A VS c'.3.7.7.5)
) ) 5(0.Tv—uv yud 5 N/A N/mm?®
LA_ sinat = ——————[460N/mm - N/A >= N/A mm?
L U'.Fiufm,
d:dmax,tl
Note |EA_ sina =]0.4ud/0.95f,. | N/A  |N/mm?
Case v; > 2.0V_,/b,d ., 4 A N/A cl.3.7.7.5
| | |
Third shear perimeter shear utilisation . A
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Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Made by (X |Date 24/10/2026
/ BS8110 [P(]
BS8110 [t
Fourth Shear Perimeter @3.75d cep, N/A to @2.25d cep, N/A |mm cl.3.7.7.6
Eff. depth to A, dps,s = h-X,(sLs/uLs)-€var(X=@shear perimeter) i N/A|mm
Eff. depth to centroid of A; and A prov,hy deen,s N/Amm cl.4.3.8.1
Eff. depth to max of A; and A, ;rov,hr Amax,s N/A|mm B.8.1, cl.4.]
Shear force at fourth shear perimeter, Vs = (Vi-Vieduced,s) Y KN
\ \ \ Rectangular| Circular
IC: (106 +7.5d can 5).(0 15 +7.50 con s Y 1,0 +7.5d can s ) 2 N/A N/A |m?
EC: (14,6 +3.75d can 5 )-(1nn +7.50 con (1 s p +3.75d can 5 ). (11, N/A N/A |m?
CcC: (145+3.75d cop s ).(11 1 +3.75d N h o +3.75d . 5 ) ° N/A N/A |m?

Eff. shear force, Vesrs = (1.15 int., 1.40 edge, 1.50 corner column) . Vs kN cl.3.7.6
Column fourth perimeter, us < {2L+2L,L+L,L+L,L/2+L/2} ‘ N/A|mm cl.3.7.7.6
\ \ \ Rectangular | Circular

IC: 2.1+ hp)+30d o s 440 +30d o s N/A N/A |mm
EC: 20y oy +15d s Or 20+, A3 +15d o s N/A N/A 'mm
CC: (Iho+Hpn)+7.5d can s 240 +7.5d on s N/A N/A |mm
Shear stress at column fourth perimeter, vs = Vag,5 / Usdean,s NN/mm? ote
Width of design strip fourth shear perimeter, bs < b,, Amm
\ \ Rectangular | Circular
IC: (e | Tnn)+7.5d con s loo+7.50 con s N/A N/A |mm
EC: (Ins | 14 p)+3.75-7.5d o s l4p+3.75-7.5d o s N/A N/A |mm
cC: (I | Inn)+3.75d op s Lo +3.75d con s N/A N/A 'mm
|
Hog Steel Tendons
Pus = 100.Nr.NoA/bdean s + 100.A, Loy i/bydean,s N/A N/A N/A|% ote
Ves = (0.79/1.25)(py,5fcu/25)Y3(400/dan,5) ™2, pu5<3, feu<40, (400/dcen,5)] N/AIN/mm?  [cl.3.4.5.4
Vo5 = 0.67bshv/(f*+0.8ff), fi=0.24vf,, f,=KPo/As s5/uis), Fou S40N/mm?! N/A|[kN 6.11.2 TR.5
Vs = vesbsdean s + Mg sVo/ [Mye] = 0.1bsd . sV, f:u£4Dmeni N/A N/A|kN 6.11.2 TR.4
Decompression, Mg 5=0.8(KPo/Asis/uis))- Z*t,(sLs/usy—0.8KPy*e* N/A|kNm
Z, for bs, Z*¢ (sis/uis) = Fsisiusy/X*osisuis) = (bs.h’/12)/(h/2) N/A|x10°cm?
Prestress force at SLS over bs only, KPg* = KPy.bs/b,, N/A|kN
Ecc. of prestress force, e* ‘ ‘ N/Almm
Note e* = x . (sisius) + € var (X=@col face to shear perimeter) - [xX* . sis/us) =h/2];
Ves = {Ve 5 uncracked, MIN (Ve 5, Ver.5) cracked} | NA | NA Y kN 6.11.2 TR.4
Ve,5/bsdeen s | | ‘ ‘ JN/mm’®  [cl.4.3.8.1
| | |
Case vs < V_s/bsd.., s N/A N/A cl.3.7.7.6
Mo links required.
Case V_s5/bsd op 5 < vs < 1.6V_5/bsd ., ¢ N/A N/A N/A cl.3.7.7.5
(v—v)ud - N/A N/mmz
LA_sina = ————— | f,, <460N/mm* N/A >= N/A  |mm?
5 0.95f,
= d:dfen,E .
Note |EA_ sino =|0.4ud/0.95f, ., | N/A N/mm?
Case 1.6V, 5/bsdcens < vs < 2.0V, s/bsd N/A N/A_ T c.3.7.7.5 |
) ) 5(0.Tv—uv yud 5 N/A N/mm?
YA__sing = ——————— [460N/mm? N/A >= N/A  |mm?
8% U'.Fiufm,
dzdmax,E
Note I.EA_“.Sinu EID.-‘JUQ’J’U.Q;ﬁfWI | N/A N/mm?
Case v; > 2.0V _5/bsdcen 5 . N/A cl.3.7.7.5
| | |
Fourth shear perimeter shear utilisation . A




Longitudinal shear stress limit for no transverse reinforcement utilisation, (Ks.

Required design transverse reinforcement per unit length, Ay/s; >

| (Asfyo/se) = vea - hd cot o | |
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (EC2)
Note that this check is performed for both rectangular and flanged section designs, although
theoretically only applicable in the latter case;
Longitudinal shear stress, Ks . Vgq mN/mm2
Longitudinal shear stress, | vea = AFa/(hi- Ax) | 1.57|N/mm? cl.6.2.4
.8.8 Change of normal force in flange half over Ax, AFy = Kg.(|Mys,g/e+! 872 |kN
Note conservatively factor, Kg = 0.5(b +—-b,, )/b o+ €mployed even if neutral axis within web;
Lever arm, z \ \ O.643‘m BC2
B X {d - 2)/0.45, for f_< 60 N/mm?| Note d here | ¢-3.4.4.4
% (g X = (o —2),/0.40, for@0 <f =75 M /S mim? refers to dcen; cl.3.4.4.4
Z © (d=2)/0.36, for 75 =f =105 N/mm? cl.3.4.4.4
Thickness of the flange at the junctions, h; 200 mm
Length under consideration, Ax 2778 mm
Note the maximum value that may be assumed for Ax is half the distance between cl.6.2.4
the section where the moment is 0 and the section where the moment is maximum.
However, since AF; is also calculated over Ax based on a variation of moment of
~ M s/2 -0 say, it is deemed acceptable to use for Ax the full distance between the
section where the moment is 0 and the section where the moment is maximum
based on a variation of moment of M ;s -0 and factored by K s.
Shear stress distribution factor, Kg ‘ ‘ 1.33
For UDLs, Ks may be taken as 2.00 for simply supported beams, 1.33 for continuous
beams and 2.00 for cantilever beams; \ \
Effective width, b = MIN(b,, + function (span, section, structure), 1901 |mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed,;
Width (rectangular) or web width (flanged), b,, 500/mm
| | |
Longitudinal shear stress limit to prevent crushing, Il’fm sindy cosiy I 4 N/mm? cl.6.2.4
Desigh compressive strength, f. \ 19|N/mm?
| fos = aco ford e | with  |ae=1.0, yc=1.5 c.3.1.6
3 Strength reduction factor for concrete cracked in shear, v 0.533
3 v=D.6{1 fo | cl.6.2.2
250 |
Longitudinal shear stress limit to prevent crushing utilisation, (Ks.vgq)/(vfgsin€ 48 9% 0
Longitudinal shear stress limit for no transverse reinforcement, 0.4f.q4 0 N/mm? cl.6.2.4
Design tensile strength, fq \ ‘ I N/mm?
13 fota = et Faenos / e | with oi=1.0, yc=1.5 cl.3.1.6
foncons = 0,7 | | ‘ 1.94/N/mm? T.3.1
=030 <C50/60 | fum=2,12-In{1+(f,/10))| > CEO/E0|  2.77|N/mm? T.3.1
for = Fs+8(MPa) | | | | 36 N/mm? T.3.1
Characteristic cylinder strength of concrete, f 28|/N/mm? T.3.1
Characteristic cube strength of concrete, f_, ‘ 35/N/mm? T.3.1

Required design transverse reinforcement per unit length utilisation, (Ag/sf)/A

Note area of transverse steel to be provided should be the greater of 1.0A &/s¢ and cl.6.2.4
0.5A /s + area required for slab bending; Note K s factored onto v g; herein;

Design yield strength of reinforcement, f,q = f, / vs , ¥s=1.15 400|N/mm? cl.2.4.2.4
Thickness of the flange at the junctions, h¢ 200 mm

Angle, 0; \ 30.0|degrees
1.0=cot#;=2,0  for compression flanges (45° =@, > 26,5°) cl.6.2.4
1.0=cot #;=1,25 for tension flanges (45" = &; = 38,67)

Provided transverse reinforcement per unit length, A, \ 785/mm?/m

S — ——
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (BS5400-4)
Note that this check is performed for both rectangular and flanged section designs, although
theoretically only applicable in the latter case;
Longitudinal shear force per unit length, V; ‘= Ks . AFq / AX FH:W kN/m
Change of normal force in flange half over Ax, AFy = Kg.(|Mys g/et+] 872 |kN
Note conservatively factor, Kg = 0.5(b+-b \, )/b it €mployed even if neutral axis within web;
Lever arm, z | | O.643‘m BC2
E x fd - zi:u_:*_o.f.a. ::-r f ~f.aa le _ [ wote d here cl.3.4.4.4
52 x= |d-a/man forBU -, = 7 Nmmy | orefers to dg,, |cl.3.4.4.4
Z © (d=2)/0.36, for 75 =f =105 N/mm? cl.3.4.4.4
Thickness of the flange at the junctions, h; 200|mm
Length under consideration, Ax ‘ 2778 mm
Note Ax is the beam length between the point of maximum design moment and
the point of zero moment; ‘
Shear stress distribution factor, Kg 1.33
The longitudinal shear should be calculated per unit length. For UDLs, Ks may be cl.7.4.2.3
taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00
for cantilever beams; ‘ ‘
Effective width, bes = MIN(b,, + function (span, section, structure), 1901 |mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed;
Width (rectangular) or web width (flanged), b,, 500|mm
Longitudinal shear force limit per unit length, V jimi ﬂkN/m
\ \ \
1% tqmulal not exceed the lesser of the following: @) 1050 KN/m 7423
a) kifeulss (b) 503/ kN/m c.7.4.2.3
b) iyl + 0.TAS,
Table 31 — Ultimate longitudinal shear stress, v, and values of k, for composite members B
Longitudinal shear stress for concrete grade B
Type of shear plane 20 25 an 40 or more B [ ]
N/mm? Nfmm? Nfmm? Ntmm? [ ]
Monolithic [ |
construction 0.90 0,90 1.25 1.25 0.15 ||
Surface tvpe 1 0.50 0.63 0.75 0.80 0.15 |
Surface tyvpe 2 .30 0.38 .45 0.50 0.09 ]
NOTE For construction with lightweight aggregate conerete, the values given in this table should be reduced by 25 %, ||
Concrete b‘ond consta‘nt, ky 0.15 T.31
Ultimate longitudinal shear stress limit, v, 1.25 N/mm2 T.31
Surface type Monolithic construction v T.31
Length of shear plane, L = hs 200|mm
Provided transverse reinforcement per unit length, A, 785 mmz/m
Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3
crossing the shear plane, provided to resist vertical shear, may be included provided
they are fully anchored; \
Characteristic strength of reinforcement, f, 460|N/mm?
Longitudinal shear force limit per unit length utilisation, V1/Vy jimit 839% 0
Required nominal transverse reinforcement per unit length, 0.15%L, Il mm?2/m cl.7.4.2.3
Required nominal transverse reinforcement per unit length utilisation, 0.15%L L O




Longitudinal shear stress limit utilisation, vgq

i/ VR
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Longitudinal Shear Within We‘b Rectang‘ular or Flanged Beam (EC2)

Longitudinal shear stress,  |Veai = 8 Vea / (z bi) | | 2.02[ e cl.6.2.5
Ratio, p = 1.0 | | 1.0 cl.6.2.5
Transverse shear force, Vgq = ABS (Vyis,e/etVsis,se) / 2 651 kN cl.6.2.5
Lever arm, z \ \ 0.643|m BC2

T x {d - 2)/0.45, for f_< &0 N/mm?] Note d here cl.3.4.4.4
‘c:l,-; 'g X = o — 2)0.40, for @l = =75 M mimd refers to dcen; cl.3.4.4.4
Z © (d-2)/0.36, for 75 =fF =105 MN/mm* cl.3.4.4.4
Width of the interface, b; = b,, 500 mm cl.6.2.5

Longitudinal shear stress limit, vpq; A N/mm?
| Vrai = € fog + gt o + p g (usin e + cos @) 0,5 v fg | cl.6.2.5
Note c.f4y = 0.00 if o, is negative (tension); - cl.6.2.5
Roughness coefficient, ¢ Rough hd 0.400 cl.6.2.5
Roughness coefficient, u Rough hd 0.7 cl.6.2.5

Very smooth: a surface cast against steel, plastic or specially prepared wooden moulds:
c=0,025t0 0,10 and 4u=0,5
Smooth: a slipformed or extruded surface, or a free surface left without further treatment
after vibration: ¢ = 0,20 and = 0,6
Rough: a surface with at least 3 mm roughness at about 40 mm spacing, achieved by
raking, exposing of aggregate or other methods giving an equivalent behaviour: ¢ = 0,40
and u = 0,7 &l
Indented: a surface with indentations complying with Figure 6.9: ¢=0,50 and «#=0,9
Design tensile strengfh, fd \ ‘ mN/mm2
fora = ctet faeoos / 7e | with  |og=1.0, yc=1.5 cl.3.1.6
foncons = 0,7 | | ‘ 1.94/N/mm? T.3.1
.1, =0,30x£.% <C50/60 | fum=2,12-In{1+({fr/10))| > CE0/60|  2.77|N/mm? T.3.1
for = fs+8(MPa) | | | | 36 N/mm? T.3.1
Characteristic cylinder strength of concrete, f. 28/ N/mm? T.3.1
Characteristic cube strength of concrete, fg, \ 35/N/mm? T.3.1
Normal stress across longitudinal shear interface, ¢, = 0 0.00 N/mm2
Reinforcement ratio, p = A; / A/ | | 0.006 c.6.2.5
Area of reinforcement, A; = Agy prov/S ‘ 3142‘mm2/m
Note that the area of reinforcement crossing the shear interface may cl.6.2.5
include ordinary shear reinforcement with adequate anchorage at both
sides of the interface;
Area of the joint, A, = 1000.b; 500000 mm?/m
Design yield strength of reinforcement, f 4 = f,, / vs , vs=1.15 400|N/mm? cl.2.4.2.4
Angle of reinforcement, o = 90.0° 90.0|degrees cl.6.2.5
Design compressive strength, f4 19|N/mm?
| foo = arec fox/ 3c with  |oee=1.0, yc=1.5 c.3.1.6
Strength reduction factor for concrete cracked in shear, v 0.533
o 0.8{1 f cl.6.2.2
250 |
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Longitudinal Shear Within Web Rectangular or Flanged Beam (BS8110)
Longitudinal shear stress, v, = Ks . AF. / (b,.AX) hN/mm2 cl.5.4.7.2
Change of total compression force over AX, AF. = (|Myis g/et+Msis s/t 2367|kN cl.5.4.7.1
Lever arm, z \ \ 0.643|m
T X {d - 2)/0.45, forf = 60 N_.-'m*r:'l Note d here cl.3.4.4.4
5 (L; X = (o —2)/0.,40, for 60 = £ = T5 N/mm referstod.. cl.3.4.4.4
g f>t<5 (d=2)/0.36, for 75 =f =105 N/mm? — cl.3.4.4.4
Length under consideration, Ax ‘ 2778 mm
Note Ax is the beam length between the point of maximum design moment and cl.5.4.7.2
the point of zero moment;
Shear stress distribution factor, Kg 1.33
The average design shear stress should then be distributed in proportion to the cl.5.4.7.2
vertical design shear force diagram to give the horizontal shear stress at any point
along the length of the member. For UDLs, K s maybe taken as 2.00 for simply
supported beams, 1.33 for continuous beams and 2.00 for cantilever beams;
Width (rectangular) or web width (flanged), b,, 500/mm
Longitudinal shear stress limit for no nominal / design vertical reinforcement, mN/mmz
Surface tyﬁ)e Washed to remove laitance etc v T.5.5
| | | —

Table 5.5 Design ultimate horizontal shear stresses at interface
Precast unit Surface type Grade of in-situ concrets
25 &1 ["40 and aver
Nimm KSmm* Bimum®
Without links As-cast or as-extruded 0.4 .55 065
Brushed, sereeded or rough-tamped |0.6 066 [0.75
Washed to remove laitance or 0.7 0.75 0.=0
treated with retarder and cleaned
With nominal links projecting |As-cast or as-extruded 1.2 18 |20
LED 1n-S1E0 concrete Brushed, sereeded or rough-tamped | 1.8 2.0 2.2
Washed to remove laitance or 2.1 2.2 2.6
treated with retarder and cleaned
[NOTE 1 The description “se-casl covers thoes cases where he coneeete 18 placed and vibeated leaving & mough iniah, The surdace
8 pougher tha requkred for L At without a further findshing screed but not as Toagh s would be
hing oF ather artficial m wing bad taken place
NOTE 2 The description “as-extruded” covers Uhoss cuses i which an open-testured sicface i produced direct from an extreding
machine
NOTE 3 The description “brished, screedsd or rough-tamped” covers those cases wheres some form of deliberate surface
rouphening has taken place but nat to the extent of exposing the aggrogate
NOTE 4 For structural asssament. purpases, it may be sssumed that U appropreate valise of ¥, meluded in the table is 1.5

Longitudinal shear stress limit for no nominal / design vertical reinforcement

Required nominal vertical reinforcement per unit length, 0.15%b,, 41 mm?/m cl.5.4.7.3
Provided vertical reinforcement per unit length, A, 3142 mm?/m
Note Ae = Asypov /' S; | |

Required nominal vertical reinforcement per unit length utilisation, 0.15%b,,/# 24°/o_ (0] ¢

Note UT set to 0% if longitudinal shear stress limit for no nominal vertical reinforcement UT <= 100%;

Note UT set to 0% if longitudinal

Required design vertical reinforcement per unit length, A, A mm?Z/m
_ 1000bu, cl.5.4.7.4
h ™ 0.95f,
Required design vertical reinforcement per unit length utilisation, A./A. 0% _ (0] ¢

shear stress limit for no design vertical reinforcement UT <= 100%;
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Longitudinal Shear Within Web Rectangular or Flanged Beam (BS5400-4)
Longitudinal shear force per unit length, V; ‘= Ks . AF. / AX mkN/m
Change of total compression force over AX, AF. = (|Myis g/et+Msis s/t 2367|kN
Lever arm, z \ \ 0.643'm
T % {d - 2)/0.45, for f_= &0 N/mm?| Note d here  1¢l-3.4.4.4
=IR0) X = o —2),/0.40, for 60 < £ < 75 MN/mm’ refers to d,.,; |cl.3.4.4.4
g r>t<s (d=2)/0.36, for 75 =f =105 N/mm? cl.3.4.4.4
Length under consideration, Ax ‘ 2778 mm
Note Ax is the beam length between the point of maximum design moment and
the point of zero moment;
Shear stress distribution factor, Kg 1.33
The longitudinal shear should be calculated per unit length. For UDLs, K s may be cl.7.4.2.3
taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00
for cantilever beams; ‘ ‘
Width (rectangular) or web width (flanged), b, 500 mm
Longitudinal shear force limit per unit length, Vy jimit kN/m
\ \ \
1% tqmulal not exceed the lesser of the following: @) 2625 KN/m .7.4.23
a) kifeules (b) 1637|kN/m cl.7.4.2.3

b) vl + 0.7Af,

Longitudinal shear force limit per unit length utilisation, V1/V1 jimit

Required nominal vertical reinforcement per unit length, 0.15%L

Required nominal vertical reinforcement per unit length utilisation,

0.15%LJ/A

Note UT set to 0% if longitudinal shear force limit per unit length for no nominal vertical reinforcement

Table 31 — Ultimate longitudinal shear stress, v, and values of k, for composite members B
Type of shear plane Longitudinal shear stress for concrete grade kl :
20 25 a0 40 or more
N/mm® Mimm? Nfmm? Nimm? [ |
Monolhithic ||
construction 0.90 0,90 1.25 1.25 0.15 ]
Surface tvpe 1 0.50 0.63 0.75 0.80 0.15 |
Surface tyvpe 2 .30 0.38 .45 0.50 0.09 ]
NOTE For construction with lightweight aggregate conerete, the values given in this table should be reduced by 25 %, | ]
\ \
Concrete bond constant, k; 0.15 T.31
Ultimate longitudinal shear stress limit, v, 1.25 N/mm2 T.31
‘Surface type Monolithic construction v T.31
Length of shear plane, Ls = b, | | 500/ mm
Provided vertical reinforcement per unit length, A, 3142 mmz/m
Note Ae = Asvprov /' S; ‘ ‘
Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3
crossing the shear plane, provided to resist vertical shear, may be included provided
they are fully anchored; ‘
Characteristic strength of reinforcement, f,, 460|N/mm?

cl.7.4.2.3

UT <= 100%;
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Step-By-Step Design Procedure

Insert the Material Properties and the Prestress Characteristics and Criteria.

Material

2 |Insert the Section Type Considerations at TLS and (SLS/ULS), Section

and

Dimensions with Design Section Hogging Moment and Section Properties.

Section

Insert the TLS, SLS and ULS Load Combination Factors, External Loading

External

and estimate the Action Effects From Structural Analysis (External Effects) .

Load

Ascertain e joc and e spg by choosing a Physical Tendon Profile within the

limits of the section dimensions. \ \

Initially exclude Prestress Force Restraint.

Choose a Prestress Force at SLS (for Given Eccentricity), KP, to attain the

prestress force required for load balancing at SLS by choosing the Prestress

Reinforcement and Prestress Force at TLS ensuring that the percentage of

Prestress

tensile capacity is say 75% whilst assuming Prestress Force Losses of say

Tendon

10% short term and 20% long term, respectively. \ \

N

Check that the TLS and SLS Average Precompression limits are satisfied.

Estimate the Action Effects From Structural Analysis (Equivalent Load,

Primary and Secondary Effects) and Action Effects From Structural

Analysis (External and Equivalent Load Effects) .

Check that the Allowable Range of Prestress Force at Transfer (for Given

Eccentricity) at Design Section is satisfied. ‘ ‘ ‘

10

Check that the chosen prestress force at transfer (w. restraint, w.o. ST losses), P,

is less than the Maximum Economic Upper Limit to Prestress Force at

Transfer at Design Section, P g ccomax - ‘ ‘ ‘

11

Check that the TLS and SLS Top and Bottom Stresses at Design Section

TLS / SLS,

limits are satisfied. \ ‘ ‘ ‘ ‘

12

Check that the Magnel Diagram at Design Section |imits for prestress force at

Detailing

transfer, P, and the physical eccentricities of prestress tendon(s), € yog Or € sac

and Defl'n

are satisfied. \ \ \ \

Checks

13

Check that the Allowable Tendon Profile (for Given Prestress Force at

Transfer) at All Sections is satisfied. ‘

14

Check that the End Block Design is satisfied.

15

Check that the Detailing Requirements are satisfied.

16

Check that the Deflection Criteria are satisfied.

17

Check that the Bending at Design Section is satisfied.

18

Check that the Bending at All Sections are satisfied.

19

Check that the Shear at Critical and (Shear) Design Section are satisfied.

ULS

20

Check that the Shear at All Sections are satisfied. ‘

21

Check that the Punching Shear at Column Support are satisfied.

22

Check that the Longitudinal Shear Between Web and Flange are satisfied.

23

Check that the Longitudinal Shear Within Web is satisfied.

Checks

24

Repeat all steps to calculate UTs including Prestress Force Restraint.

25

Repeat all steps to calculate UTs with Design Section Sagging Moment.
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Investigation into Significant Design Parameters

TLS / SLS

Stress Capacity increases as: —

(a)

prestress force, KP, increases

(b)

tendon eccentricity, e increases

(c)

section modulus, Zb/t,TLS/(SLS/ULS) increases

TLS / SLS

Deflection Capacity increases as: -

(a)

serviceability class 1 or 2 adopted instead of serviceability class 3

(b)

section second moment of area, I 7;s;sisqus) [ncreases

(c)

prestress force, KP, increases

(d)

prestress tendon(s) eccentricity, e increases

ULS Moment Capacity increases as: -

Mu = fpbAps(d - dn)

(a) |ratio of design effective prestress to ultimate tensile strength in reinforcement,
fre/fpy in design tensile stress in tendons, f,, increases and ratio of tensile
capacity to concrete capacity, [fp, A ps J/[f,bd] decreases (T.4.4 BS8110-1)
fpe B KP, / (N;.N_.A_ + As_‘pm.fy /fpk) £0.60
fpu fpk
—_,

Table 4.4 — Conditions at the ultimate limit state for rectangular beams with pre-tensioned
tendons or post-tensioned tendons having effective bond
7oA Design stress in tendons as a ,)rnportinn of the Ratio of depth of neutral axis to that of the
L ,Pl design strength, £,,/0.95f,, centroid of the tendons in the tension zone, x/d
i Tnlla Tl
0.6 0.5 0.4 0.6 0.5 0.4
0.05 1.00 1.00 1.00 0.12 0.12 0.12
0.10 1.00 1.00 1.00 0.23 0.23 0.23
0.15 0.95 0.92 0.89 0.33 0.32 0.31
0.20 0.87 0.84 0.82 0.41 0.40 0.38
0.25 0.82 0.79 0.76 0.48 0.46 0.45
0.30 0.78 0.75 0.72 0.55 0.53 0.51
0.35 0.75 0.72 0.70 0.62 0.59 0.57
0.40 0.73 0.70 0.66 0.69 0.66 0.62
0.45 0.71 0.68 0.62 0.75 0.72 0.66
0.50 0.70 0.65 0.59 | 0.82 0.76 0.69
(b) |prestress tendon(s) area, A ,s increases
(c) |section eff. depth, d ,s increases

ULS Shear Capacity increases as: -

Vo = 0.67bh (£2 + 0.8f,f,) fou

/
Ve = (1-05555) v bd+ M, -

(a) |section width, b, inb,=b,-(2/3 BD, 1 un-BD).N +.D ; increases
(b) |section depth, h increases \
(c) |concrete grade, f, in fy=0.24f., increases
(d) |prestress force, KP, in f, =KP /A sisyus) increases
(e) |ratio of design effective prestress to ultimate tensile strength in reinforcement,
fpe/f pu def:reases | ‘ ‘
fp_e _ KP, / (N;.N_.A, +A5‘pmv.fy /fpk) <0.60
fpu fpk
1 1 1 1
(f) |% of tensile area, p, =100(Nr.N;.As+As 00 )/bwdg and/or concrete grade, f,
in v increase ‘ ‘ ‘ ‘ ‘ ‘
(g) |prestress force, KP, and/or tendon eccentricity, e ,,-(x=X4) in fp and/or section

modulus, Zb/t‘,(SLS/ULS) in My =0. 8fpth/t,(5Ls/UL5) increase
I I I

KP,

£ - A +KPﬂeva,(x:xd)

Z

pt
A(SLSIULS)
\

b/t,(SLS/ULS)

(h)

[
ratio of applied shear force to bending moment, VV/M increases
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Concepts in Prestressed Concrete
The prestress tendon(s) provide a suspension system within the member with cl.1.0 TR.4]
the vertical component (which exists due to the eccentricity, e) of the tendon force
carrying part of the dead and live loading and the horizontal component reducing
the tensile stresses in the concrete. ‘ ‘
Since prestressing is an internal force and not an external action, unlike the latter, IStructE
prestress force cannot buckle a member - as long as the prestress is bonded . Bourne
This occurs because as the compression in the member tries to buckle, the equal Prestressing
and opposite tension in the cable prevents it from doing so. As such a slender Feb-13
member can never buckle under prestress alone. Furthermore, a curved prestressed
member cannot buckle either - it simply has an axial P/A. ‘
In continuous beams, secondary moments (parasitic moments) vary linearly as IStructE
sagging moments between supports. Thus when combined with the external effects Bourne
moments, it can be used to reduce the overall hogging moments and increase Prestressing
the sagging moments, effectively equalising the hogging and sagging moments. Feb-13
Secondary effects also include constant axial and shear forces throughout the span. cl.6.9 TR.43
Equivalent loads will automatically generate primary and secondary effects when cl.6.9 TR.4]

applied to the structure. SLS calculations do not require any separation of the primary

and secondary effects, and analysis using the equivalent loads is straightforward.

However, at ULS the two effects must be separated because the secondary effects

are treated as applied loads. The primary prestressing effects are taken into account

by including the tendon force in the calculation of the ultimate section capacity. The

primary prestressing forces and moments must therefore be subtracted from the

equivalent load analysis to give the secondary effects.

) P

o - P, Centroid of shallow section —
Centroid of Be(_mon ‘:‘ ] I e Lj_-_ P cose ¢ l \ b
» Centroid of —~—, —
. / sing deep section | ]
Anchorage
Change in centroid position —
g r Equivalent loads
e vl [ |
4 WA . —
- L T
; 8PA
! 2
Parabolic drape
! ! ! !
Favourable arrangements of restraining walls should be adopted to minimise the IEM
restraint force that reduces the prestress in the member, failing which pour strips Mar-15
should be employed.
\
flexural and edge of slab
restraining of depth h
reinforcement
| restraining reinforcement ‘F p T
OW‘ ‘/\ prestressing tendon wall ‘Er‘i"“ Y X
L .7 .9 fstab l 2 e 2
» ey hl.
| vl % JL 7
| wall
b) closure strip at junction of wall and
slab Figure 57: Distribution reinforcement close to
wall.
! ! ! !
Long-span insitu beams on bearings need to be designed to cater for the transfer IEM
prestress force and displacement into the bearings. Mar-15
Prestressing of ground slabs and beams needs to be carefully evaluated as the IEM
restraining effect of the ground, pile caps or even piles need to be considered. Mar-15
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8 |Beams curved on plan are susceptible to torsion from prestressing as the tendon IEM
in the beam will apply an eccentric radial force about the beam'’s centroid, giving rise Mar-15
to torsional moments.
9 |Accurate measurement of the tendon elongation during stressing and its IEM
comparison with predictions are crucial in determining if stressing has been carried Mar-15

out properly. Any discrepancy could be attributed to faulty jacks, tendon breakages,

leakage of grout into ducting, overstressing or understressing.

10 |The extent of pours is usually dictated by the limit to the length of tendons. With cl.7.7.1 TR.4

bonded tendons, friction losses usually restrict the length of single end stressed tendons

to 25m, and double end stressed to 50m. The lower friction values for unbonded tendons

extend these values to 35m and 70m respectively. Either intermediate anchorages are

introduced to allow continuous stressing across the construction joint or alternatively

infill strips are used.

restraining reinf it

L= Bmi20%) PT tendon slab
/ /_ flexural and
T [ Y Y Y restraining k
| d reinforcement
| / \ prestressing tendon
LN .l [

L I 2 " BN 7|
L > 6m(20f) ~/ / {
6m(20ft)= < L< 38m(125f) Z ? '7|

I

- / | I A 1 ]
76m(250ft)= > L > 38m(125t)

f |
L > 76m(250ft) —

F——— deadend

p——— slressing end ..
a) Closure strip in slab

CJ = construction joint with intermediate stressing

11 |For uniformly loaded and regular concrete frames, the impact of post-tensioning Aalami, 201

results in an increase in the axial force at the end supports, reduction of axial

forces at the penultimate supports and design insignificant impact on the axial forces

of the remainder supports. Post-tensioning reduces the design moments for the

"strength condition" at the top of member supports. Post-tensioning in a floor results

in redistribution of axial forces on walls and columns. However the sum of the axial

forces for any given floor remains unchanged.

] .75 , 90 , 90 , 90 ,75 ,m Pl

1246 1 205 1 205 1 295 71246 71t \4[\
O v
J I l L , I (c) Deformation and reaction
i Q.L g J : 1 induced by post-tensioning

(a) Elevation of typical level 21 21 -20 -20 21 21 %M
TSN~ [l &« 0 0 4 b

(b) Tendon in slab (d) Percentage changes in_ dead load
moments and reactions

Impact of Post-Tensioning

on Typical Level of a High Rise Building

12 |Recovery of the loss of precompression due to restraints occurs with typical Aalami, 201

floors. At the first suspended floor, the restraint of the supports and foundation

absorb a fraction of the precompression intended for the floor being stressed. When

the subsequent floor is post-tensioned, the restraint of its supports is somewhat less

than that experienced by the floor below it. Again, a fraction of the precompression

of the new floor is diverted to the structure below it. This results in partial recovery

of the loss of prestressing in the first suspended floor. The pattern will continue with

the initial loss of precompression to the level being recovered when the level above

is stressed. Eventually, the precompression lost to the penultimate floor from the

uppermost floor is not recovered, since there is no floor above it to be stressed.
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Concepts in Prestressed Concrete in Flat Slabs

Flat slab criteria include: -

cl.2.4.1 TR.4

(a) precompression should be applied in two orthogonal directions

(b) aspect ratio of any panel should not be greater than 2.0

(c) the ratio of stiffness of the slab in two orthogonal directions should not exceed 10.0

The concept of design strips is employed when analysing flat slabs using the

cl.6.6 TR.43

equivalent frame method or the FE analysis method .

complete stoucture,

It is usual 10 divide the structore into sub-frame clements in each direction. Each
i‘rame.nsually comprises one line of columns together with beam/slab elements of one
bay width. The frames chosen for analysis should cover all the element types of the

Lines of 2ero shear in longliudinal direstion
for bending along Grid

@—%\ / o " - B
iEnd[ Penultimate | _ Intarnal 6F
Frame  Frame Frame -
(a) Equivalent frame widths in transverse direction
D
Lines of zerc shear in transvarse dlrection
-——.— -‘ ’ . . - B _T End Frame ﬁ'k \ \ R ARRN RS Lt \
/ -//f’/’..: ¢ % inemal Frame || ﬁ‘}_ ’
i 5 [zé// / 7y 7 s besicn I
o . . - . . N N o End Frame X SECTION
(b) Equivalent frame widths in longitudinal direction
| e 1 \
1 2 3 4 5 *L‘r **L2—|:3 f |:4 i
L =L L L ‘ ‘
R .
B- ’ IM
(b) STRAIGHTENED DESIGN STRIP
(a) DESIGN STRIP IN PROTOTYPE
| ( -IDEALIZED
® o ®@ o @ | Bfli_liii
cke y odes 4 1 ACTUAL
| | (c) IDEALIZED TRIBUTARY FOR DESIGN
I J | | FIGURE 3.5.2E-1 Extraction and Idealization of a
- Design Strip (P656)
FIGURE 3.5.2E-2 Elevation of Design Strip for
Analysis (P657)
! ! \
3 |Flat slabs should be reinforced to resist the moment from the full load in each cl.2.4 TR.43
orthogonal direction, and not by considering a reduced load when analysing the
slab in any one direction using the equivalent frame method (as opposed to the
FE analysis method), i.e.: - ]
Effect |Floor Type Hogging Moment | Sagging Moment
BM-Interior |One way spanning slab 0.063n.L%| n.L?/16 |0.063n.L%| n.L?/16 | kNm/m
1 BM-Interior | Two way spanning slab 0.031n.L?| n.L?/32 [0.024n.L?| n.L?/42 | kNm/m
BM-Interior |Flat slab | 0.063n.L°| n.L?/16 |0.063n.L°| n.L?/16 | kNm/m
Note n is the ULS slab loading (kPa). The coefficients above assume an interior span
and include a 20% moment redistribution. The coefficients for two way spanning
and flat slab assume a square panel. \ \ \ \
Conversely, the FE analysis method (as opposed to the equivalent frame method) Aalami, 201
inherently incorporates the biaxial behaviour of the floor system when determining
the actions in the floor.
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4 |Flat slab with drop panel dimensional requirements: -

- |width of drop panel = shorter span / 3

cl.3.7.1.5 BS8110, 1

- |depth of drop panel (excluding slab) = 3/4 x slab thickness |T.1 TR.43
5 |Flat slab with slab band (economic for aspect ratio 1.4-2.0) dimensional requirements: -
- |width of slab band = span /5 ‘ |T.1 TR.43

- |width of slab band = 3 x slab thickness

Aalami, 201

- |width of slab band ~ 0.4 x design strip width to maximise tendon drape

SELF

- |depth of slab band (excluding slab) = 3/4 x slab thickness

SELF

- |depth of slab band (excluding slab) < slab thickness

Aalami, 201

2 t
A .
L I E m~_‘
- (;-; b
%] A A 5] "J -~

/A Band
slab band

—\ 1
L P B
A

h§2t b3

Limiting Dimensions of a Slab-Band

FIGURE 4.6.2-5 Dimensional Parameters of a Slab

%>a>14b

FIGURE 4.6.2-6 Parameters for Efficient
Application of Slab Bands

6 |Flat slab with slab band (or insitu beam for that matter) which exhibits a T- or

L- section should be represented by a constant second moment of area, I throughout

its span irrespectively of whether the section is hogging or sagging. This is unlike an RC

flanged section which reverts to a rectangular section when the section is hogging.

Further to this, in commercial 2D FE software (unlike 1D software), when the section is

represented by a T or L- section, the design strip width should be limited (simplistically

to the column strip width) in lieu of the full tributary width in order to model the effect of

the reduced I (and Z) corresponding to the T- or L- section effective flange width .

7 |Flat slab deflection criteria : -

(a) maximum downward SLS deflection due to SLS load combination case G+Q+PT

with E=E , =E 4, which is based upon the summation of: -

the loading, ws.see (+ve) with elastic modulus of the slab, E  =E 4 ¢,

the loading, wsisen (-ve) with elastic modulus of the slab, E x =E 4 o,

with respect to [span/250].C,; ‘

(b) incremental downward creep+LL deflection due to the summation of the load cases: -

(1-1/(1+¢)).(1-%creep).DL=0.30DL, ¢=1.0, %creep=40% with E=E ;=E .,

or(1-1/(1+¢)).(1-%creep).DL=0.36DL, $=1.5, Yocreep=40% with E=E  =E ;4

+ 1.0SDL with E=E  =E 4 ¢,

+ 1.0Q with E=E, =ECk,Cp

+ (1-1/(1+ ¢)/K 7.Kst).(1 -%creep).PT=0.26PT, ¢=1.0, Y%creep=40%, K 71s7~0.8]0.9 with

or (1 —1/(1+ ¢)/KLT'KST)'(1 —%Creep).PT=0.33PT, ¢=1.5, %Creep=40%, KLTlSTzO'8|0'9 with H

which is based upon the summation of: -

the loading, k c.( wpi+sp. )+ @, (+ve) with elastic modulus of the slab, E =E 4 ,

the loading,

w5, ( —ve) with elastic modulus of the slab, E y =E 4 ¢

the loading,

-w 15,61 (+ve) with elastic modulus of the slab, E & =F 4

with respect to MIN {[span/500].C ;, 20mm} noting that the creep term also includes

a total (elastic, creep, shrinkage) axial shortening component of the (one) storey

in question : - ‘

[of the (one) storey in question]

column ULS stress % 50% fg,
column SLS stress % = column ULS stress % / k ¢ 36% \fcu
column SLS stress, o s = column SLS stress % . f, \ 14.3 \N/mmz
storey height, h¢ ‘ ‘ 3000 mm

4 column elastic modulus, E ., = E yncracked,28,c0 9.3 |GPa
total (elastic, creep, shrinkage) axial shortening, Sesst = osis| ‘N B mm
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8 |Flat slab design strip integration of hogging effects in commercial 2D FE software
.1 TR.43 |that do not include "rigid max" (i.e. the explicit modelling of the physical column section)
should be performed just at the nodal point support (St. VVenant's principle considered) and
not at the physical column section perimeter face. ‘ ‘ |

9 | The figure below shows the bending moments derived from the grillage analysis of cl.2.4 TR.43
i square panels with differing arrangement of tendons. The balanced load provided by the
tendons in each direction is equal to the dead load.

\ \
\ i |
©) 50% banded plus 50% evenly distributed tendons over full
d) Fully banded tendons ¢ P width
—H " Figure 2 Bending moment surfaces and tendon diagrams for
\ £ i ! - difTerent tendon arrangements
T |
\ | |
% e
| A
[ |
b) Uniformly distributed tendons 'y g
Tests and applications have demonstrated that a post-tensioned flat slab behaves as a
flat plate almost regardless of tendon arrangement. As can be seen from the figure, the
detailed distribution (of tendons) is not critical provided that sufficient tendons
pass through the column zone to give adequate protection against punching shear and
progressive collapse. \ \ \
However, remembering that the downward load of the uniformly distributed tendons
occurs over a relatively narrow width under the reverse curvatures and that the only
available exterior reaction, the column, is also relatively narrow, it becomes obvious
that the orthogonal set of tendons should be in narrow strips or bands passing
over the columns.
\
Tendons uniformly spaced across floor exerting upward loads in the spen and
downward |ocads on the column lines.
. '
Heasptiptantpttan ittty
=E =F ck,cp
=E; =Eck,cp [e] o] o] [0} o

o]
o]
o]
o]
o]

[s] o o o

0

Tendons concentrated on column |ines exerting upward |oads in the span to carry

the downward loads of uniformly distributed tendons and downward loads on the
columns.

Figure 12: Load balancing with prestress tendons for regular
column layouts.

Thrsrorears—veamrareroy-trreracrorraroure e grves the most uniform distribution
of moments and provides a practical layout of tendons. \ \

This arrangement gives 70% of the tendons in the banded zone (of 0.4 x panel
width ) and remaining 30% between the bands (i.e. within 0.6 x panel width ).
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10

Flat slab design strip integration of hogging effects (to suitably model the stress cl.5.7.3 TR.43

concentrations over the column supports) should be made considering both the full

tributary width design strip (FTW-FS-DS) and the column strip tributary width design strip

(CSTW-FS-DS). To model the latter effect, a CSTW-FS-DS of 40%-50% of the FTW-FS-DS

should be checked to a 30% higher tensile stress limit criteria. Note that obviously, this

CSTW-FS-DS shall also exhibit a corresponding 60-50% lower I (and Z) section property

to resist a 60-80% FTW-FS-DS hogging moment.

lines of zero shear A lines of column
: \| — ' ‘ 2ero shear _, centreline
: : —— : '
: ! : ! :
T | S - ! . ;
: ! ! . - W w2 )
—_ ; " "
C—mw_) f__,;___g idth of sagqmg design strip ’7 @ s
— 1 ] : )
= — .
:“‘/"i“‘ - sosr
.. @ . ‘—1——’/, - ! : ) strips
: =~ moment contour lines ' '
; 4WT |, [ : : :
A @ , 2F &
: | : — gy
: width of hogging design strip ¢ @ .

|
Wy ]
|

column céntre-lines 1

lines of zero shear
| width of hogging design strip over column
: | : :
: ' : .
3 } A o LI . .
. | g _mean value of moment in hogging strip
: B -
. |
; 1 NN\S )
1 0v4w,t0 4w \
! 1
VW w |
[ 1 1
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Additional Detailing Requirements

The provision of minimum longitudinal steel (untensioned reinforcement) for cl.6.10.6 TR.

unbonded tendon construction.

The provision of flexural longitudinal (in the case of slip/jump formed walls where tendons

do not protrude into the wall, unlike floor-by-floor construction) and restraining transverse

steel (untensioned reinforcement) near restraining walls accounting for the effects of: -

(a) (elastic, creep and shrinkage) restraint to axial precompression (inducing tension in the

top and bottom longitudinal reinforcement), reduced with the introduction of a pour strip

(b) bending moment due to SLS load combination case(s) 1.0G+1.0Q+ PT [and performing

an SLS RC (stress based) longitudinal reinforcement design based on cl.6.10.5 TR.43] and

bending moment due to ULS load combination case(s) k s.G+k o.Q+ HYP [and performing

a ULS RC longitudinal reinforcement design] (inducing tension in the top longitudinal

reinforcement), reduced with the introduction of a pour strip and/or the allowance of |

transverse cracking with the assumption of a pinned wall support, noting that the SLS/ULS

load combination case(s) should consider both methods of frame analysis, i.e. w.o./w.

differential (elastic, creep, shrinkage) axial shortening of adjacent supports: -

[of adjacent supports at the storey in question]

wall ULS stress %‘ ‘ ‘ 40% f,

wall SLS stress % = wall ULS stress % / K 29% |f o,

wall SLS stress, og s = wall SLS stress % . fg, 11.4|\N/mm?
column ULS stress % ‘ ‘ 50% f.,
column SLS stress % = column ULS stress % / k ¢ 36% |f
column SLS stress, ogs = column SLS stress % . f, 14.3 |N/mm?
number of storeys below, N 50 storeys
typical storey height, h ¢ 3000 mm
wall/column elastic modulus, E ,ai/cor = E uncracked,28,cp 9.3 |GPa
differential axial shortening, ASgsst = Acsis.Ns.hs/E waijcol mm

(c)

shear force due to ULS load combination case(s) k s.G+k o.Q+ HYP [and performing

a ULS RC shear reinforcement design] (with the area of the top longitudinal reinforcement

contributing to the ULS RC shear capacity ), noting that the ULS load combination case(s)

should consider both methods of frame analysis, i.e. w.o./w. differential (elastic, creep,

shrinkage) axial shortening of adjacent supports

flexural and
restraining

reinforcement

Y7

restraining reinforcement

prestressing tendon

L]

|

(

| slab

27|

)

|
[
i
r
l

| wall

|

b) closure strip at junction of wall and
slab

edge of slab
of depth h

wall length

L

Figure 57: Distribution reinforcement close to restraining

wall

,"' reinforcement
- s =0.35% x LI2xh

Note that the elastic
modulus of the wall and
column supports for the

differential axial

shortening assessment
should be Euncracked,ZB,cp'

The provision of flexural longitudinal (in the case of slip/jump formed walls where tendons

do not protrude into the wall, unlike floor-by-floor construction) steel (untensioned

reinforcement) near restraining walls accounting for the effects of: - ‘

(a) shear force due to ULS load combination case(s) k 6.G+k o.Q+ HYP [and performing

a ULS RC dowel shear action reinforcement design] (with the area of the bottom

longitudinal reinforcement contributing to the ULS RC dowel shear action capacity ),

noting that the ULS load combination case(s) should consider both methods of frame analysis,

i.e. w.o./w. differential (elastic, creep, shrinkage) axial shortening of adjacent supports
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4 |The provision of longitudinal and transverse steel (untensioned reinforcement) betweencl.6.13 TR.4
tendon anchorages at flat slab edges as follows: - ] ‘

(a) parallel to the edge, untensioned and/or tensioned reinforcement to resist the ULS

bending moment for a continuous slab spanning | ;, which is the centre to centre
distance between (groups of) anchorages, evenly distributed across a width of 0.7/,
(b) perpendicular to the edge, untensioned reinforcement greater than 0.13%bh and
1/4 x parallel reinforcement, evenly distributed between the anchorages and extending

MAX(! ,,0.7! ; +anchorage)

T

I —N A

e Banded tendon

or beam
|

|

|

|

| o~ |
-
|

|

A

-

Wl

7
Lase wS | 7

& slab

edge

alternate top and bottom

5 |The provision of minimum longitudinal steel (untensioned reinforcement) at column c¢l.6.10.6 TR.

positions for all flat slabs of at least 0.075% of the gross concrete cross-sectional area,

concentrated between lines that are 1.5 times the slab depth either side of the width of

the column and extending 0.2L into the span, L.

b L oo b L k REBAR
[ | || suas, REBARSTRIP, STRIP
Loc Lic Lic L e b ] ‘ 1 1
6 Pprd6 GAMS 6 B o | 15— ni ResaR STRP
i T ! L 15d | [1.50 | J . FRAME
_— —_— T = DROP  += .CQLUMN 1.5h 1.6h DIRECTION
- | —— - \.T__‘ o o
|
H }L’TC/‘—H ,!«,7"23‘37 ' H (a) SLAB WITH DROP (b) FLAT PLATE P
] L L Ly
e 4 e el = osseon
Dy D, Dy
(c) VIEW OF A SLAB JOINT
e -4 Mini inforc nt )
RIGHER Al 0.0 A TR o Leme] FIGURE 4.10.2A-5 Strip Identification for Placing
Lengths and Layout for Common Conditions S EMiAnu Bonded ReFareement (e561):

6 |End block detailing as follows: -

Y Y
¥ 10 mm dia.
o ¥ _linksin Y and - —
¥ Zdlrectlona |
-t .%—’ ) :16 Nos. in
T each direclion) [
Q
2 — —t—— 300 Links Hair-pin bars
[ y
8
e Loop
0
¥ reinforcement
| |
15 20 20 20 i
Y Freyssinet embedded anchorage
Fig. 1019 Arrangement of Anchorage Zone reinforcement Fig. 1015 Arrangement of reinforcement in end blocks
Zone of spalling I
.- ’%[
Wrang ﬁngh1 o
Fig. 10.18 Arrangeinent of steel cage in anchorage zone
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Creep Coefficient, ¢ cl.7.3
‘ RCQ110-2
3 % year creep coafficient o o The creep coefficient may be estimated
| | hickness camr of ! 'n'lhe UK from Figure 7.1. In this Figure, the
] |50 | 300 | 600 | effective section thickness is defined,
- : . for uniform sections, as twice the cross-
L IT* 1 30 [~ ; \\ osoT S — sectional area divided by the exposed
I r 25 \.'\‘\ joadin \ I perimeter. If drying is prevented by
]| 5 I®1 ~T \\ 3G T immersion in water or by sealing, the
—1 | b 20; FTSN N \i\ effective section thickness should be
L 1177 —! NN taken as 600mm. Suitable values of
] 28
[ Lo+ % 1 -f ! \\\\t\ relative humidity for indoor and outdoor
His —1 %\?\\\ exposure in the UK are 45 % and 85 %,
T i i 65 \~1=~<\\ when using Figure 7.1 for general
— F 10 A os i \%\\ design purposes.
| ] F 05 o g 1 T
- 05 -
|| | ! E It can be assumed that about 40 %, 60
20 30 4 so 6 70 80 9 ol % and 80 % of the final creep develops
[ ] Ambient relative humidity % during the first month, 6 months and 30
P _ _ months under load respectively, when
RH1 000/0 ¢ 1.0 1/(1+4) 0.50 concrete is exposed to conditions of
RH85% ¢ = 1.5 1/(1+¢) = 0.40 constant relative humidity;
T
Creep Coefficient, ¢ cl.24.2.4.1.]
B | ACI318
[ | 2.0
] 1.9
] $1.0+
[ | 0.5+
] o+-H++—+—+—+—+ }
— 0136 12 18 24 30 36 48 60
[ Duration of load, months
RH100% ¢ = 2.0 1/(1+¢)=| 0.33
RH85% ¢ = 2.0 |1/(1+¢)=| 0.33
Creep Coefficient, ¢ cl.3.1.8.3
| AS3600
— TABLE 3.1.8.3
| FINAL CREEP COEFFICIENTS (AFTER 30 YEARS) FOR CONCRETE
|| FIRST LOADED AT 28 DAYS
— Final creep coefficient (w:()
_—— ) . Tropical, near-
ff’ Arid environment Il.lt"wr ¢ Temp(?rale |n|=:nd cnns(a[: ;?nd czzslal
| | (M"'al environmen environmen environment
] , (mm) f, (mm) t, (mm) fy (mm)
| | 100 200 400 100 200 400 100 200 400 100 200 400
| ] 25 4.82 3.90 3.27 4.48 3.62 3.03 4.13 3.34 2.80 3.44 278 | 2.33
32 3.90 3.15 2.64 3.62 2.93 2.46 3.34 2.70 2.27 2.79 2.25 1.90
[ 40 3.21 2.60 2.18 2.98 2.41 2.02 2.75 2.23 1.87 2.30 1.86 1.56
| 50 2.75 2.23 1.89 2.56 2.07 1.73 2.36 1.91 1.60 1.97 1.59 1.33
—1 65 2.07 1.75 1.53 1.95 1.66 1.46 1.84 1.59 1.38 1.61 1.38 1.23
| 80 1.56 1.40 1.29 1.50 1.36 1.25 1.45 1.32 1.22 1.33 1.23 1.14
|| 100 1.15 1.14 1.11 1.15 1.14 1.11 1.15 1.14 1.11 1.15 1.14 1.11
RH100% ¢ = 1.5 |1/(1+¢) = 0.40
RH85% ¢ = 2.0 1/(1+¢) = 0.33
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Concepts in Prestressed Concrete (Calculation of Secondary Effects Using E/L)
\ \ \ \ \ \ \

—| APPENDIX D: Calculation of Secondary Effects Using Equivalent Loads

Equivalent loads can be used to represent the forces from prestress. These will antomatically
generaie the combined primary and secondary effects when applied to the structure, Figure D1

shows the commonly occurring equivalent loads for typical prestress sitnations,
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|| | | I3
e . [
— Parabiolie drape
[ ] P Peil
] E,!I - Centroid of ghallgw seetlon %_

] T Cantraid of deep —
weatian F

Change [n cantrodd pasitian

|| Figure D1: Commonly occurring equivalent loads

One method of separating the secondary from the primary effects is 1o use a frame analysis

with the eguivalent prestress load acting alone. The resultant moment and shear diagrams

— include both the primary and secondary effects. In arder to obtain the secondary effects, it is

|| only necessary to consider the moments and forces at the supports and subtract the primary
|| effects from them. The secondary moments along each span vary linearly from end 1o end.

This method will be known as method A.

To illustrale method A, the Ultimate Limit State for the transverse direction in Example Al

— of Appendix A is used and the secondary effects obtained as follows:

|| 1. Calculate the equivalent prestress fpads in the spans vsing a load factor of 1.0.
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|| Figure D2: Equivalent balanced loads
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Analyse the structure and obtain the bending moment disgram.

=1.0 =11 3.0

b) columns

a) slab

Figure D3: Moments due to primary and secondary effects

3. Calculate the primary moments due to prestress (Pe) in the slab at each soppart. There
| are no primary moments in the colomns,
|| At supporn C, Pe=0

At support B(C)}, Pe=-172 kNm

[ ] At support B(A), Pe =-172 kNm
] AL support A, Pe=0
|| 4, Subtract the primary moments from step (2). At this stage it should be noted that the
|| moments and reactions in the columns from the frame analysiz are dus entirely o
B secondary eifects.
B Lt LLLL L
| [ [ [1L]
| o [T
: 12.0
|| Crra e Frr

Figure P4: Bending moment diagram due to secondary effects
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|| i e LE Ll [
[ 0.56
B 0.88

Figure D5; Shear force diagram duoe to secondary efTects

|| An altemative method of calenlating secondary effects is detailed below. This will be known

as method B.

As there are no primary prestress forces in the columns, the column moments and reactions

are entirely due to secondary effects. So the secomdary effects in the slab can be easily

— obtained by applying these column reactions and moments to the stab as shown in Figure D6.

L L LS

| 4.1 12.0

| C SPn D

777 —= =0 7errm —> =0 Frrr —=0

| '3
— 0.6 14 1 0.9

[ | \j

Figure D§: Column reactions and moments doe to secondary forces

] This resuolts in the secondary moments and shears in the slab as shown in Figures D4 and D3,
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Pre-Tension or Post-Tension
[

Post-Tensioning

After Concrete Hardening

Construction Precast Offsite Insitu
Member Size Small Large
Tendon Configuration Straight / Deflected Curved

Bonded or Unbonded

Bonded

Bonded or Unbonded

Table 6.1 Advantages and disadvantages of pre- and post-tensioning

Type of
construction
Pretensioned

Advantages

* no need for anchorages
* tendons protected by

concrete without the need for
grouting or other protection

» prestress is generally better

distributed in fransmission
zones

« factory produced precast

units

Disadvantages

* heavy siressing bed required

* more difficult to incorporate

deflected tendons

Post-tensioned

* no external stressing bed

required

* more flexibility in tendon

layout and profile

* draped tendons can be used
* in-situ on site

* tendons require a protective

system

* large concenfrated forces in

end blocks

Sheath

/ Grease

Unbonded PT tendon

Strand

Unbonded system before pouring concrete.

Maore versatile bonded systems suitable for floor
slabs were developed in Australia, Bonded systems
became papular in the UK in the 19905, In the UK,
bonded construction is now widely used; having
approximately 90% of the FT suspended floor market.

f Balvac
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Bonded or Unbonded

Fire and Corrosion Protection

Bonded

Greater

Unbonded

Lower

— ULS Flexural

Strength

Higher

Lower

Grouting, Demolition

Required, Safer

Not Required, Less Safe

Tendon Renewal, Friction Loss

Not Replaceable, Higher

Replaceable, Lower

Speed,

Type of

Cost

Slower, Dearer

Table 6.2 Advantages and disadvantages of bonded and unbonded construction

Faster, Cheaper

for inspection and are

replaceable if corroded

reduced friction losses

generally faster construction

» fendons can be re-stressed

» thinner webs and larger lever
arm

|| . Advantages Disadvantages
construction
—] | Bonded * fendons are more effective * fendon cannot be inspected
— at ULS or replaced
] * does not depend on the * fendons cannot be re-stressed
|| anchorage after grouting once grouted
|| » localises the effects of
|| damage
|| * the prestressing fendons can
confribute to the concrete
|| shear capacity
[ ]| | Unbonded * tendons can be removed * less efficient at ULS

relies on the integrity of the

anchorages and deviators

a broken tendon causes

prestress to be lost for the full

length of that tfendon
less efficient in controlling

cracking

careful attention is required

in design to ensure against

progressive collapse

Table 2: Comparison of PT systems

Bonded

Unbaonded

+ Localises the effect of accidental damage
+ Develops higher ultimate strength

» Does not depend on the anchorages after grouting

+ Can be demalished in the same way as reinforced
concrate stnsctures

* Reduced covers to strand

+ Reduced prestressing force

+ Tendons can be pre-fabricated leading to faster

construction

= Tendens can be deflected around abstructions more

easily

+ Greater eccentricity of the strand

+ Grouting not required
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Standard Design Concepts (Restraint to Elastic, Creep and Shrinkage Shortening due to Prestressing

| ] RE 51: rai nt ‘Where the walls are unfavourably arranged then a

calculation of the effects of moverment should be

At the early stages of a project using post-tensioned carried out and suitable measures taken to overcome

floors, care must be taken to avoid the problems them. This could involve:

— of restraint. This is where the free movement in = Using infill strips which are usually cast arcund

|| the length of the slab under the prestress forces is 28 days after the remainder of the floor, to allow
restrained, for example by the unfavourable initial shrinkage to accur (see Figure 10).

|| positioning of shear walls or lift cores (see Figure 9). + Increasing the quantity of conventional

reinfercement, to contrel the cracking.
L | Al concrete elements shrink due to drying and early

+ Using temporary release details (see Figure 11).
thermal effects but, in addition, prestressing causes c porary ¢ & )

[ | elastic shortening and ongoing shrinkage due to + Reducing the stiffness of the restraining elements.

| creep. SHlf vertical members such as stability walls The effect of the floor shortening on the columns
L] restrain the floor slab from shrinking, which prevents should also be considered in their design as this may
|| the prestress from developing and thus reduces the increase their design moments,

strength of the floor.,

—{ ‘Where the restraining walls are in a favourable

arrangement and the floor is in an internal
ervviranment, the maximum length of the floor

without moverment jaints can be up ta 50m, Howewver,

[ full consideration should be given to the effects of
L] shrinkage due to drying, early thermal effects, elastic

shortening and creep in the design,

FIGURE 2: TYPICAL FLOOR LAYOQUTS

] [ = I = e = | o~ "=———""71] F_U_Er_ -—o~-oTo
I i 1 1 1
I 1 ] ] n I
[m] o o (m]
| ] & | ﬂ s s [ = o
| [m] ] [m] |
] [} ] n I
1 ] ] 1 |
[ o__o. _0O.__0 o__ s | D_ﬂ_ﬂ_=_ﬂ_ﬂ_d

a) Favaurable layout of restraining walls {law restraint)

| J"F"'L‘i r""'ﬂ'"'ﬁ "-E‘"'EI"'EI"-E: |

|| h o :! !:I o :I]: Z| o =] o E

|7, .0 L. d 4 e a. - o _d

b) Unfavourable layout of restraining walls (high restraint)

i FIGURE 10 : TYPICAL INFILL STRIP

FIGURE 11: TEMPORARY RELEASE DETAIL

Infill later

| ] 1000 mim L Post-tensioned slab
|| — . Post-tensioned

RC infill strip -‘ clab |
u B | :
— r - - :
[ | | - ¢ S |

T I
B _} 2 layers of slip strip
a0emm Slab to remain

|| seating fully propped b |k 100mm hearing
] . until infill strip "‘L

cured
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Standard Design Concepts (Disproportionate Collapse Requirements)

| | Design to prevent

disproportionate collapse

— PT floor systemns are usually designed to resist

|| disproportionate collapse through detailing of the
tendons and reinforcement.

[ | In bonrded systerms the tendons can be considered

—] to act as horizontal ties. In unbonded systems, the
tendons cannot be relied on and the conventional

reinforcerment acts as the horizontal ties.

Standard Design Concepts (Slab Soffit Marking)

|| Slab soffit marking

Waricus methods exist for marking the slab soffit

to identify where groups of tendons are fixed. The

] mast commaon is to use paint markings, usually on
the soffit. Alternatively a thin ply sheet may be laid

betwesn the tendons to give a physical demarcation.

This enables areas for small holes and fixings to be

| drilled after completion, safe in the knowledge that
L] tendons will not be damaged.

The position and maximum depth of fikings should

be agreed and clearly corveyed to follow-on trades,

Standard Design Concepts (Stressing)

| Stressing

Ideally after 24 hours, when the concrete has

attained a strength of typically 12.5 NSmm?, initial

[—| stressing of tendons to about 25% of their final

| jacking force is carried out. (The actual concrete
strength and tendon force will vary depending on

loadings, slab type and other requirements.) This

controls restraint stresses and may also enable the

]  slab to be self-supporting so that formwork can be
remaoned.

The tendon is stressed with a hydraulic jack, and the

— resulting force is locked into the tendon by means
|| of a split wedge located in the barrel of the recessed

anchor,

[— At about three to five days, when the concrete has

| attained its design strength, the remaining stress is
applied to the tendons.

The extension of each tendon under load is recorded

—] and compared against the calculated value. Provided
that it falls within an acceptable tolerance, the

tendon is then trimmed. With an unbonded system,

a greased cap is placed over the recessed anchor

— and the remaining void dry-packed. With a bonded

|| systern the anchor recess is simply dry-packed and
the tendon grouted.
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Standard Design Concepts (Accommodation of Service Openings)

—| Holes and tendon layout

A particular design feature of post-tensioned slabs Heles through post-tensioned slabs can be
is that the distribution of tendons on plan within accommodated easily if they are identified at
|| the slab does not significantly effect its ultimate the design stage. Small holes {less than 200mm
—] strength, There is same effect on strength and shear ¥ 300mm) can generally be positioned amywhere
|| capacity, but this is generally small. This allows an on the slab, between tendons, without amy special
even prestress in each direction of a flat slab to requirernents. Larger holes are accommodated by
| | be achizved with a number of tendon layouts (ses lacally displacing the continucus tendons around
—] Figure 12). the hole. It is good detailing practice to averlap
| ary stopped off [or ‘dead-ended’) tendons towards
| | This offers considerable design flexibility to allow the corners of the holes in order to eliminate any
for penetrations and subsequent apenings, and the cracking at the corners, In ribbed slabs, holes can be
| 2doption of differing slab profiles, frem saolid slabs readily incorporated between ribs or, for larger holes,
—] through to ribbed and waffle construction. by amending rib spacings or by stopping-off ribs and

transferring farces to the adjoining ribs,

Layout (a) of Figure 12 shows the layout of tendons

|| banded aver a line of columns in ane direction and With flat slabs it is possible to locate holes adjacent
] evenly distributed in the other direction. This layout to faces of columns, It is impartant to nate that this
|1 can be used for solid slabs, ribbed slabs, or band significantly reduces the punching shear capacity.
beam and slab floors. It offers the advantages that
|| holes through the slab can be easily accommodated Holes are more difficult to acoommadate once the
[ and readily positicned at the construction stage. slab has been cast. They can, however, be carefully
] cut if the tendon positions have been accurately
|| Layout (b) shows the tendons banded in one recorded or can be identified (see page 20). A better
direction, and a combination of banding and even approach is to identify at the design stage zones
|| distribution in the ather direction. This does not where further penetrations may be placed, These
—] provide quite the same flexibility in positioning of rones can then be clearly marked on the soffit and
|| holes, but offers increased shear capacity arcund topside of the slab.

column heads, again, this layout can be used for

both solid and ribbed slabs and banded beam

—1 construction. FIGURE 13: DETAILING OF TENDONS
AROUMND AM OPENING

Layout (¢} shows banded and distributed tendons

in both directions and is legically suitable for waffle

flat slabs, but may be employed for other slabs, Slab
] depending an design requirements. The disadvantage '

aof this layout is that it requires ‘'weaving' of the

tendans,

Dead-end

FIGURE 12: COMMON LAYOUT anchar

— OF TENDOMNS

Tendon

FIGURE 14: LAYOUT OF TENDONS TO

ALLOW SERVICES TO BE PLACED

|| Layout (a) CLOSE TO COLUMM FACE

: — Column under
s ole
R 1Tt FEFF 1]
| 1l il

Layout (c)
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Standard Design Concepts (Construction Joints and Pour Size)

Construction joints

There are three types of construction joint that can
— be used between areas of slab; these are shown in
Figure 14.When used they are typically positioned
in the vicinity of a quarter or third points of the
span. The most commonly used joint is the infill ar
—|  closure strip, as this is an ideal method of resalving
prablems of restraint, and it alsa provides inboard
access for stressing, removing or reducing the neead
for perimeter access from formeork or scaffolding.

Construction joint with no stressing (Figure 15a)

The slab is cast in bays and stressed when all the
bays are complete, For large slab areas, control of
restraint stresses may be necessary and ideally the
]  next pour should be carried out on the following day.

Construction joint with intermediate
stressing (Figure 15b)

On completion of the first pour containing

—] embedded bearing plates, intermediate anchorages
or couplers are fixed to allew the tendons to be
stressed. After casting of the adjacent pour, the
remainder of the tendon is stressed. It is sometimes
L | necessary to leave a pocket around the intermediate
anchorage to allow the wedges that anchor the
tendans during the first stage of stressing to move
[—1 during the second stage of stressing, This option is
|| maost suitable for use with unbonded tendons.

Infill or closure strips (Figure 15¢c)

The slabs on either side of the strip are poured and
[ stressed, and the strip is infilled after zllowing time
|| for temperature stresses to dissipate and some
shrinkage and creep to take place.

Pour size/joints

Large pour areas are possible in post-tensioned slabs,
and the application of an early initial prestress, at a
concrete strength of typically 12.5 Nfmim, can help to
contral restraint stresses, There are econarmical limits
on the length of tendans used in a slab. Typically these
are 35m for tendons stressed from one end anly and
FOm for tendons stressed from both ends.

The slab can be divided into appropriate areas by the
use of stop ends and, where necessary, bearing plates
are positioned over the unbonded tendons to allow
for intermediate stressing.

FIGURE 15: CONSTRUCTION JOINTS

a) Mo intermediate stressing

b) Intermediate stressing
[unbonded tendons)

) Infill or closure strip
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|| g HE| ! KEY JOINT TO BE TERMINATED
| i ! EACH SIDE OF LIVE END
—| FOR BANDS .-
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[ | )
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TYPICAL CONSTRUCTION JOINT DETAIL

Figure 6 — ‘Stifched’ construction joint detail
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Standard Design Concepts (Demolition and Alterations)

Demolition

There is only a very small additional risk associated
with the demolition of a post-tensioned structure,

The demolition methads are similar to those used

for reinforced concrete (RC) structures, with some

madifications as noted below,

Prestressing tendons are made of extremely tough
high-strength steel and are therefore difficult to
sever. In contrast, separating the steel and concrete
is slighthy simpler than for RC structures because
there is less steel,

& bonded slab should not require amy significant
changes of approach to an RC slab, If percussion
methods are used, the breaking up of the concrete
around the ducts will release the prestressing forces
locally in the same way as tension is released from
reinforcement in an RC slab. Using cutting methods
will have a similar effect.

For unbonded slabs, the approach is often to prop

the floor and then release the tension in the tendans

by either:

+  Heating the wedges until the tendon slip occurs

+ Breaking out the concrete behind the anchorage
until detensioning occurs

De-tensioning the tendon, using jacks

« Cutting through the strands at high points, whilst
protecting around anchorages.

It has been shown by testing and from experiences
on-site that anchorages andfor dry packing are not
ejected from the slab edge at high velocity. This is
due ta the friction between strand and the sheath
which dissipates.

More detailed guidance can be found in Demolition and
hale cutting in post tenslaned concrete bulldings [13].

Demalition of transfer structures should be treated
with due consideration. The forces involved are
significantly higher than for a single floor slab and
the prestressing forces may have been increased
as additional floors were constructed. Provided the
demolition method takes account of these issues,
the risks can be identified and managed.

S ll Demolition of PT bonded slab using conventional demolition equipment. Courtesy of

Alterations

A with demalition, structural alterations are no
more difficult than for other construction forms, and
can be easier to adapt. This means that the benefits
of existing post-tensioned floor construction can

ke used when altering existing buildings (e.g.
redundant office space being reused for residential
accommaodation).

When it comes to minor alterations, PT slabs are
often easier to wark with than other structural
forms. They derive their tensile strength from high
strength steel tendons which are often spaced at
well aver Tm centres. Depending on the specific
circumstances, the concrete can generally be cut
out between the strands without the need for
strengthening. This could potentially be an opening
of Tm square, or perhaps even larger. An experienced
structural engineer should always be employed to
check the effects of the proposed alterations,

More substantial alterations can also be undertaken
using tried and tested technigues. Procedures vary
slightly depending on whether the PT zlab has
konded or unbended tendons. Currently, bonded
tendons are used for the vast majority of new PT
construction in the UK. In this system the steel
strand is bonded via the grout and duct to the
concrete, so that any cut thraugh the tendon has a
local effect only. At a bond length away the tensile
strength is unaffected.

A typical procedure for bonded tendons would

be as follows:

1 Mark the tendon positions.

2 Using appropriate equipment for the type and
size of project, demalish the concrete between
tendons, taking care to avoid damage to the
tendons.

3 Remove the concrete, leaving the tendons.

4 Cut the tendons to length for the new layout.

5 Cast new concrete,

Experience has shown there is no explosive release
af energy when the concrete is broken out because
the concrete is broken out in relatively small areas.
For major refurbishment projects new tendons and
anchorages can be installed to work in combinaticn
with the existing post-tensioning.

Mary of the older PT slabs in the UK were
canstructed using unbonded tendans, and the
techniques for altering these are similar, but require
slightly more planning and possibly disruption, This
is because unbonded construction relies an the
anchorages at either end to transmit forces between
the slab and tendons so cutting the tendon releases
the tension throughout its length. Therefore, before
breaking out any concrete, the slab must be propped
throughout the length of the strand to be cut, and
then de-tensioning of the strand should be carried
out. The zame procedure detailed for a bonded
systemn can then be adopted except that the severed
unbonded tendons should be restressed using new
anchorages cast into the edge of the opening.
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Scheme Design: PT One Way Spanning Solid Slab
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Scheme Design: PT One Way Spanning Ribbed Slab
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Scheme Design: PT Flat Slab With Edge Beams
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Scheme Design: PT Beam
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mim

| — =50 kN/m — =100kN/m =— =200kN/m = =400 kN/m [] = Range for 100 kN/m
— 8O0 _
|| LI Le ::::‘“w“;"‘::::::;
L e s =
|| s00 ;Z‘T':::::: e e ey
__________ F ] eiiets el e
u . el sl W }@éﬁ;ﬂ;;;f?f’f_
B g e S e EEREC SELEE
B e :"_'{::__:::’_:__;;:.q pubuus inpububuel e
| 200 — | 1 ____ ZZ 2271 MULTIPLE SPAN .
— 8.0 Q.0 10.0 16.0 17.0 18.0
] SPAN, m
|| Ultimate applied udl
— = 50 kN/m — =100 kM/m — =200 kN/m — =400 kN/m [] = Range for 100 kM/m

| S

: | - | ‘T beams 2400 MM wide web

800

700

600

300

400

0 —— C =T 1T T 10—
:.:-—:-f':':.f.i.‘:'-;::::: oYY ]2 CSINGLE SPAN

200 L
8.0 9.0 10,0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
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Scheme Design: PT Beam and PT Slab

\ \ \

FIGLIRE &: 5PAMN TO DEFTH RATIOS FOR PT FLODRS

| Imposed lpad = 2.5kMrm? Impased load = 5.0kM/m? Irpased load = 10.0kMm?
— (L2
| ] e o =1 ey
[ L — _r"-f | _.-P"'H-FFFF
=00 — il - - ~ ~ ]
[ g — -"'"-fﬂ-ﬂ_ i = ﬂ; - - -jffﬂ ~
100 = = - —— . - - B
| a0 - B3 = | -
1 oo (L 1] 100
L] T 1 Ll m 1 13 “ 1% 1L E L] a 'l n L 13 14 13 1Ll - T [} k-l 1 1 1z n 14 "
— Span (m) Span [m) Span [mi)
Key — 00 mmmmoma
— Band Bearm Ribb=d Slab Flat Slak One-waay Slabk supported by & Band Beam

RULES OF THUMB

Advantages of using prestressed concrete

# |Increased clear spans

* Thinner slabs

& Lighter structures

* Reduced cracking and deflections
» Reduced storey height

® Rapid construction

® Water tightness

Mote: use of prestressed concrete does not significantly affect the ultimate limit state

(except by virlue of the use of a higher grade of steal).

Maximum length of slab

50m, bonded or unbonded, stressed from both ends.
25m, bonded, stressed from one end only.

Mean prestress

Typically: P/A = 1to 2 N/mm?

Cover

Take minimum cover to be 25mm.

Allow sufficient cover for (at least) nominal bending reinforcement over the columns, in both

directions (typically T16 bars in each direction).

Effect of restraint to floor shortening

Post-tensioned floors must be able to shorten to enable the prestress to be applied to the floor.

[ Partitions and Other Live Load
Occupancy ; Load to
1 1.4 1 of building Superimposed Dead Load kPa Balance
! kPa kPa
|| | ||
1.3 "”R”‘if""& ,,,,,,,,,,,,
—1 o eirprorce —
E o CO‘rqcrete Car Parks Nil 25 (0.7-0.85)SW
— = rm— I
5 Shopping Centres 0.0-2.0 5.0 (0.85-1.0)SW
= A AN Residential
| SN0 N (che;:k transfer 2.0-4.0 15 SW + 30% of
|| v F e || [carefully) partition load
=09 ~Z A\ o I
| ] o 1 | [ Office . "
= I\~ Brepk—even! Point Buildings 05-1.0 3.0 (0.8-0.95)SW
|| [ p— N I L —
1 I ]
|| 0.7 | i i Storage Nil 24kPaim | SW+20% LL
[ | 60 70 80 90 100 height
Slab span (m) _ _
| ] Mote: SW denotes self weight, LL denotes live load.
— ) ) . — Table 1. General level of load to be balanced by post-tensioning tendons to give an eco
Cost comparison - Reinforced vs Post-tensioned flat slab. structure.
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Total
imposed
| load (kN/m?)

A

11.0
10.0

8.0
8.0
7.0
6.0
6.0
4.0
3.0
20
1.0

Note total imposed load = LL + SDL (excludes DL)

h

i (8 ) beam

beam

Seg Table 1
for section

type

o

Note:

41 1 1 ] l ] ] 1 I
10 15 20 25 30 35 40 45
Span/depth ratio

This chart is derived from the emperical values given in Table 1 for
multi-span floors. For single-span floors the depth should be
increased by approximately 15%.

— Figure 16: Preliminary selection of floor thickness for

multi-span floors.

—| The following procedure should be followed when using Table 1, Figures 16, 17 and
—] 1& o obtain a slab section.

| a)

b}

Knowing the span and imposed loading requirements, Figure 16 or Table 1
can be used to choose a suitable span/depth ratio for the section type being
considered. Table 1 also provides a simple check for vibration effects.

If section type 1, 2, 3, 5, or 6 has been chosen, check the shear capacity of
the section, using one of the graphs in Figure 17 (depending on what size of
column has been decided upon). Obtain the imposed load capacity for the
chosen slab section. I this exceeds the imposed load, then shear
reinforcement is unlikely 10 be necessary, If it does not, then reinforcement
will be required. If the difference is very large, then an increase in section
depth or column size should be considered,

Check the shear capacity al the face of the column using the graph in Figure
18. If the imposed load capacity is cxceeded, increase the slab depth and
check again,

omic
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Table 1: Typical span/depth ratios for a variety of section types for
multi-span floors.

: . Total Spqn/-dep’rh Additional

|| Section type imposed rafios requirements

|| load émsL<13m for vibration
(kN/m) (kN/m)

[ | 1 Solid flat slab

[ | k 1 2.5 40

|| ‘ ' - 5.0 36 A
| o 10.0 30

n o T a—

I Seveni 2.5 44
| T R 50 40 A
N o 10.0 34

] = span/3

3 Banded flat slab

| Slab | Beam

. 2.5 45 25

S L T A T 2 - A
[ ] ~— i i 10.0 35 18

— span/5

L 114 Coffered flat slab

B 2.5 25

[ | 5.0 23 B
[ | 10.0 20

N 2.5 28

B 5.0 26 B
B 10.0 23
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: Table 1. Continued
B  —"""—"—"—"—""—"“"/"/————— |
| _ Tofal Span/depth | ) 4 ditional
Section type imposed ratios requirements
| load ém <L <13m for vibration
B (kN/m) (KN/m)
: 2.5 28
|| 5.0 26
|| 10.0 23
B 2.5 30
: 5.0 27
[ | 10.0 24
L |18 One-way slab with narrow beam
: ‘ . Slab | Beam
|| T P 2.5 42 18
|| 5.0 38 16
| - 10.0 34 13
: span/15
] Notes
||| a Vibration. The following additional check should be made for normal office
|| conditions if no further vibration checks are carried out:
- A either the floor has at least four panels and is at least 250mm thick or the
— floor has at least eight panels and is at least 200mm thick.
] B either the floor has at least four panels and is at least 400mm thick or the
] floor has at least eight panels and is at least 300mm thick.
| b All panels assumed to be square.
| |lc Span/depth ratios not affected by column head.
: d It may be possible that presiressed tendons will not be required in the banded
[ | sections and that untensioned reinfercement will suffice in the ribs, or vice
|| versa.
| || e The values of span/depth ratio can vary according to the width of the beam.
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COMMON STRANDS*
| Mominal Steel araa hMass Maminal tensile Characteristic hModulus of
|| diameter (mm~) (kgfm} strength breaking load elasticity
{mm}) [M/mm*) (kM) [kMNmm* or GPa)
— Standard 15.2 139 1.080 1670 232 195 % 10
|| 12.5 893 0.730 1770 164 195+ 10
|| 11.0 kA 0.557 1770 125 195 = 10
9.3 52 0.408 1770 az 195+ 10

|| Super 15.7 150 1.180 1770 285% 195 % 10
|| 12.9 100 0.785 1860 186 185 = 10

11.3 75 0.550 1860 139 195 % 10
[ | 9.6 55 0.432 1860 102 195+ 10
[ 8.0 38 0.298 1860 Ta 195+ 10
| | | compacu 18.0 223 1.750 1700 380 185 = 10
[ | Cryform 15.2 165 1.295 1820 300 195 % 10
[ 12.7 112 0.890 1860 209 195 % 10
1 " 279 also available, details naot yal publishad

— COMMON TENDONS'

[ | Ma. strands per TO%h Intermal Anchor sizes Jack

B duct for 15.7mm uTs shaath

] “super” strand (kM) {mm) a b [ Length (mm} g {rmim) Stroke (mm}
[ | 1 186 25

|| 7 1289 65 175 210 270 B30 350 150
|| 12 2226 Ta 200 245 300 a0 380 250
[ 15 2783 85 TS0 390 250
[ | 19 3525 a5 250 | 315 | a7s 900 510 250
| 27 SO0 110 3040 365 450 250 G10 250
|| a7 GBEG4 130 375 450 525 1000 720 250
] b

| a

| ! S

| c

- i S
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Centroid of section ]

4.3.4 EQUIVALENT LOADS®

6\

o]

P P

N s
NS s
Le | L

f"l

i

——

1
Parabolic drape

Anchorage

Centroid of shallow section
mwudaad‘m\—

‘-H-H"'h.p

ALLOWABLE STRESSES AT SERVICE LOADS

iy

P

In service At transfer
Compression beams: 0.33f,, (0.4f,, at supports for indeterminate beams) bending: 0,51,
calumns: 0.25f,, compression: 0.4,
Tension Class 1: Mo tension 1.0 Mimm*
Class 2: 2ZN/mm*® post-tensioned 0.45 J(f,)
IMimm® pre-tensionad
Class 3 See BS 8110 036 V(1)

For rectangular beams or T beams with

ULTIMATE BENDING STRENGTH®

neutral axis in flange:

T s L B e EORE R R BaREE :

. | P i !
0.20 F——f— e : '
015 ——f— :
VRIS, B— ..
0,05 = —— — - 4 - SR

= IR 4

3 | i i
e REE R AR RRANEARERE AR RARRERSRRY ARRRL IRRRRARARE

008 010 015 D20 025 030 035 040 045 050
f‘.-l.l'ﬂ"'.t
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=l @MWk =

Require that

Mote:

SHEAR

v, < 0.8 V(f_) and S5N/mm?

Ultimate shear check at column face

Column (inc. head) 300 x 300

For column sizes other than 300 x 300, the slab depth should
be multiplied by the factor (column perimeter/1200)

Explanation

Figure 18: Ultimate Shear Check at Column Face

Except that inclined tendons may contribute to a reduced effective shear force on the 4
provided the shear zone is not cracked in bending at M,

Total 1 .
Imposed
Load
(kN/m")

L L " T R S & R = 5 S I = o R < =

20 30 40 50 60 VO 80 90 100 110 120 130
Tributary Loaded Area (m”)

Note total imposed load = LL + SDL (excludes DL)

Information to be used in conjunction with the graph:

. f, = 40 Nimm#®

. Dead load factor = 1.4

. Live load factor = 1.6

. The value of d/h is assumed to be 0.85

. The ratio of V_/\/ is assumed to be 1.15

. These curves do not take account of elastic distribution effects
. The maximum shear stress for f

(=)

For f_, < 40 N/mm? the maximum shear stress is 0.8 vT_,
For f_, = 35 N/mm? increase slab depth by a factor of 1.06
For f., = 30 N/mm? increase slab depth by a factor of 1.14

= 40 N/mm? and more is 5 N/mm?=.

14

0 150 160
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| | Column 300 x

15

[ ] 14

B 13

B 12

[ ] 1

[ | 10
: Total g
Imposed &
|| Load 7
B (kN/m?) o
|| 5
|| 4
|| 3
|| 2
|| 1
|| 0

Column 500 x

Total
Imposed
| Load

— (kN/m®)

300

Punching shear check for preliminary design (v, = 0.75 N/mm?)

20 30 40 50 &0 7O &0 90 100 110 120 130 140 150 160

Tributary Loaded Area (m®)

Note total imposed load = LL + SDL (excludes DL)

500

Punching shear check for preliminary design (v_ = 0.75 N/mm?#)

20 30 40 50 60 ¥0 80 90 100 110 120 130 140 150 160

Tributary Loaded Area (m’)

|| Figure 17: Punching Shear Check at Column Face
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15"
14
13
12
11
10
Total :
| | imposed
Load v
[ | (kN/m?3) &
5
&
3
2
1
i

Figures 17 and 18 are set for intermal columns, They may be used for external
columns provided that the loaded ares is doubled for edge and quadrupled for comer
columns. This assumes that the edge of the slab extends o at least the centre line of

the colummn,

Tributary Loaded Area {m?}
Note total imposed load = LL + SDL (excludes DL)
Figure 17: Preliminary shear check for slab thickness at internal column.

Eﬁﬁﬁ_gﬁﬁﬁgﬁg Slab thickness adjacan
N VIV AV T T toeatumnn - ooeent
AN AYAVANAN
AV R VNN
TR
Wxt“\f‘\hﬁ\\ NANANANAN N =
. , ve = 0,75 N/
NN 11 RN \L_ N, C'::alumn sizerir;'trgluding
NNAEMYNAYY AN N head = 700 x 700 mm
MNAR YN NANN NN
RANAN NN N AN
I ANANSNEANNNENE
KIS AN
e SN
20 30 40 50 €0 70 B0 90 100 110 120 130 40 150 160

| | Figures 17 and 18 present the required slab thickness (inclusive of slab drop and/or
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Typical Initial Span / Effective Depth Ratios
\ \ \ \

| ] FIGURE 5: TYPICAL ECOMOMIC SPAN RAMGES
| Span {m)
— 5 & 7 a S moomn 12 13 14 15 1% 17 18
— | o ey
R FLAT S5LAE
B R BAMD BEAM AMD SLAR T T T T T 1T 1T 1] Reinforced Concrete
B RC RIBBED _ Post-tensionsd Concrete
N RCWAFFLE I I B
[ | PT FLAT SLAB AN I N N I
| PT BAMD BEAM AMD SLAS
| PT RIBBED:
—1 FTWAFFLE
Span-to-depth ratios for post-tensioned slabs and beams spans are in the range [6t0 13 m.
| Imposed Flat slab with band Ribbed | Waffle slab One-way slab on
|| beams slab (with solid deep beam
|| slab at
B E =] column head) (SEB | Beam
| | 25 40 45 25 30 28 42 18
— 5.0 36 40 22 27 26 35 16
1 100 30 35 18 24 23 34 13
| - - - . TR.43 cl.6.14 :
Table 7.5 Span/effective depth ratios for initial sizing of isolated beams Span to Depth Ratios
|| [Cantilever 8 _
Simply supported 18 Solid Slab 42-48
—| = p.y PP Roof Slab 48-52 i
|| [Continuous 22 |
__— :

TABLE 4.3.2-1 Recommended Span/Depth Ratios (T124)

{ Continuous Simple [
- spans spans

- Roof Floor Roof Floor

| | One-way solid slabs 50 45 45 40

| | Two-way solid slabs (supported 45-48 40-45

on columns only)

— Beams 35 30 30 26
| Note: The above ratios may be increased if calculations verify that

deflection, camber, and vibrations are not objectionable.
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Flat Plate (figure 9)

Used

| | Imposed Loads

Economic Span Range

Where spans are similar both directions

f.0to9.0m

Up to 7.5 kPa

Single Span

End Span

Internal Span

Figure 9: Flat plate

mposed
Load (kPa)

This system is commonly used in Sydney for high rise residential construction where
B the span is usually 7 to 8 metres. The most attractive feature of this floor system is its
flush soffit which requires simple formwork and greatly simplifies construction.

The depth of a flat plate is often dictated by shear requirements. Thinner slabs or
longer spans can be constructed if column capitals or shear heads are employed.

Span,/Depth

Ratio

33
H
28
39
36
32
45
42
38
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Flat Slab (figure 10)

punching shear strength.

— Used

Imposed Loads

Economic Span Range

A widely used system today for many reasons - flat soffit, simple formwork and ease of
construction, as well as flexibility for locating services.

The economical span range over a flat plate is increase by the addition of drop panels.

The drop panels increase the flexural stiffness of the floor as well as improving its

This systern provides the thinnest floors and can lead to height reductions and
substantial savings in facade costs.

Where spans are similar both directions

Upto13.0m

Up to 10.0 kPa

Single Span

End Span

Internal Span

Figure 10. Flat slab

Imposed

Load (kPa)

3
5
10

3
]
10
3
5

0

1

Spon /Depth
Ratio

38
35
32
46
43
40
52
49
45

For structures requiring minimum floor to floor height and regular grids the two-way post-
tensioned flat slab is usually the most cost effective solution.

The normal installation procedure would concentrate the tendons into ‘column strips' along
the column grids at approximately 800 mm centres with tendons away from the column strip
at approximately 1400 mm centres.

Consequently small holes for services could be located without the need to cut tendons.
Using this structural system it is possible to leave the central panel as traditionally reinforced

and designed as a "soft zone' to easily accommodate large openings. The cost penalty for
the extra reinforcement required would need to be offset against the perceived benefits.
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Banded Slab (figure 11)

This system is used for structures where spans in one direction are predominant. It is

] also a very common system due to minimum material costs as well as relatively simple

] formwork. In most circumstances the width of the band beam is chosen to suit the
standard sizes of the formwork. The sides of the band can be either square, or tapered

for a more attractive result.

] The band beam has a relatively wide, shallow cross section which reduces the overall
] depth of the floor while permitting longer spans. This concrete section simplifies the

formwork and permits services to easily pass under the beams. The post-tensioned

tendons are not interwoven leading to fast installation and decreased cycle time.

— The band beam system has another advantage which is not widely appreciated. In
| most circumstances depending on the actual geometry of the cross section the beam

can be considered as a two way slab for fire rating and shear design. This enables

considerable economies to be achieved in both post-tensioning and reinforcement

quantities.
: Used Span predorminant in one direction
| Economic Span Range Band Beam: 8.0to15.0m
— Slab: 6.0t0 10.0 m
B Imposed Loads Up to 15.0 kPa

|| Imposed Span,/Depth

|| Load (kPa) Ratia
| 3 38
Single Spon 5 35

[ | 10 32
— ) 3 46
|| . End Spon 5 43
a8 10 40

| v 3 32

|| Internal Span 5 49 -

10 45

3 20

[ —. Single Spon 5 18
| =] 10 16
@ 3 24

] & End Spon 5 22
= & 10 19
|| B 3 27
@ Internal Span 5 25

| 10 22

|| Figure 11. Banded slab. Note that the band width, Bw is generally in the range 0.15Ls to

0.25Ls. The band sides can be square or tapered.

For rectangular grids the band beam and slab solution may be appropriate. This is the

system typically used for shopping centres and carparks due to the economic benefit and

—] relative insensitivity to floor height restrictions.

Normally band beams span in the long direction and impose the same constraints on hole

placement as would a steel or reinforced concrete beam. Howewver, small hydraulic type

penetrations (approximately 150 mm diameter) can usually be accommodated without the

— need for remedial action.

The slabs however, are usually quite lightly prestressed with tendons in one direction only at

approximately 1500 mm centres. Reasonable size openings or large slots are therefore easy

to accommodate without the need to cut post-tensioning tendons.
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] High Rise Banded Slab (figure 712)

L1 re-use in high rise construction.

‘notches’ in the band soffit.

bands.

| Used
Economic Span Range

— Imposed Loads

Long span high rise construction

Band Beam:

9.0t015.0m

Up to 7.5 kPa

| 5= 8400, Ds= 160 P=T

Slab Span Band Width Span / Depth Ratio
=| 5= 4800, Ds= 120 RC bw= 1000 22
B
2 5= 6000, Ds= 120 P-T, 150 RC bw= 1500 20
=
= bw= 1800 18

Figure 12. High Rise Banded Slab.

This system has gained favour over the past 10 to 15 years for high rise construction
and consists of band beams at relatively close centres spanning between a perimeter
beam and the service core. The systemn suits system formwork due to the amount of

Services may either pass under the shallow bands or, alternatively, pass under service

For clear slab spans in excess of 4.5m the use of posttensioning is econornical
perpendicular to the bands and assist in reducing the weight of slab carried by the
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Floor system

Comparative span (m)

0 5 10 15 20

FLAT PLATE

Single span
Reinforced
Prestressed

Multi-span
Reinforced
Prestressed

FLAT SLAB

Multi-span
Reinforced
Prestressed

RIBBED SLAB

Single span
Reinforced

Multi-span
Reinforced

BAND BEAM
and SLAB

Single span
Reinforced
Prestressed

BAND BEAMS
at8.4m

Single span
Prestressed

Multi-span
Reinforced
Prestressed

(TR R

0 5 10 15 20
Comparative span (m)

FIGURE 8: Quick selection guide for
insitu floors

The span 'L' of a reinforced concrete flat-plate is

approximately D x 28 for simply supported, D x 30 for |—

an end span of a continuous system, to D x 32 for
internal continuous spans. The economical span of a

flat plate can be extended by prestressing to

approximately D x 30, D x 37 and D x 40 respectively,

where D is the depth of slab.

The principal features of a flat slab floor are a flat
soffit, simple formwork and easy construction. The
economical span 'L' of a reinforced concrete flat slab
is approximately D x 28 for simply supported, D x 32
for an end span and D x 36 for an interior span.
Prestressing the slab increases the economical span
to D x 35, D x 40 and D x 45 respectively, where D is
the depth of the slab excluding the drop panel.

In a single-span floor, the spacing of the band beams
may coincide with the columns, or the bands may be
more closely spaced to reduce the thickness of the
slab spanning between walls or beams. For single-
span reinforced concrete floors the economical span
‘L' of the band beam is D x 20 to D x 22 depending on
the width and spacing of the band beam, where D is
the depth of the slab plus band beam. Prestressing
the band beam gives economical band-beam spans

in the range of D x 24 to D x 28. In a multi-span floor,
the spacing of the band beams is fixed by the
transverse spacing of the columns.

For initial sizing of the slab, the span-to-depth ratios
from Section 6.3 can be used. For internal spans the
slab thickness is based on the clear span between
band beams, and for an external bay is from the edge
of band to the column line of the external band. The
depth of the band is typically 1.5 to 2 times the depth
of the slab and the minimum economical span for a
band beam is about 7-8 m.

In multiple spans using reinforced concrete, the
economical slab of the band beam 'L' is approximately
D x 22 for 1200-mm-wide band beams and D x 26 for
a 2400-mm-wide beams at 8400-mm centres.
Prestressing increases the economical span 'L' to

D x 24 to D x 28 for similar beam widths. D is the
depth of slab plus band beam in each case.

The maximum span for reinforced concrete bands
should not normally exceed 12 m. Above this span,
bands should be prestressed. The slab band width
should be between band-spacing/3 to band-spacing/4
and, where possible, should be based on a module of
a standard sheet of ply of 24 mx 1.2 m.
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FLAT PLATE
REINFORCED FLAT PLATE and PRESTRESSED FLAT PLATE Single Span
440
4
0 T g
mposed action (kPa) = 5.
p (kPay=25; y
400 ,‘ o
| / 3.0
380 i Vi - 7 vy
|| Imposed action (kPa) = 5.0 / / 2.0
360 4 v 4 ! /
340
320
300
280
260
| 240
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€
1 £ 200
o
—1 o 180
17}
=
—1 < 160
S 1
T
= 140
w
- jm
5 120
=
— 8 100
4 5 6 7 8 9 10 1 12
SPAN, L (m)
CURVES
[1] Reinforced
2| Prestressed
| NOTES:
1 For preliminary design and initial sizing only.
2 Imposed action of 2.0 kPa typical for domestic etc,
3.0 kPa typical for offices etc and 5.0 kPa typical
for assembly areas without fixed seating
— 3 A120/120/120 Fire Resistance Level assumed
4 The following additional permanent actions
— (dead loads) are included with the imposed actions
(live load) when preparing this chart
a Forimposed action of 2.0 kPa an additional
permanent action of 0.5 kPa has been allowed
b For imposed actions of 3.0 kPa and 5.0 kPa an
additional permanent action of 1.5 kPa has
been allowed
—1 5  Full continuity at the core wall assumed
6  Unsupported edges of floors may require stiffening
for support of external walls and/or visual reasons
7 For larger spans, shear heads or reinforcement
may be required at the columns
— 8  Deflection to be the lesser of span/250 or 35 mm
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CONCRETE THICKNESS, D (mm)
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520
500
480
460
440
420
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380
360
340
320
300
280
260
240
220
200
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160
140

FLAT PLATE

REINFORCED FLAT PLATE and PRESTRESSED FLAT PLATE

Multi-span

2
=50

Imposed action (kPa)

Z

P
T
27

w— | Generally not

ecanomical

§
SPAN, L (m)

-
oo
7=

CURVES

1| Reinforced

2| Prestressed

NOTES:
1 For preliminary design and initial sizing anly.

2 Imposed action of 2.0 kPa typical for domestic efc,
3.0 kPa typical for offices etc and 5.0 kPa typical
for assembly areas without fixed seating

3 A120/120/120 Fire Resistance Level assumed

4 The following additional permanent actions
(dead loads) are included with the imposed actions
(live load) when preparing this chart:

a Forimposed action of 2.0 kPa an additional
permanent action of 0.5 kPa has been allowed

o

For imposed actions of 3.0 kPa and 5.0 kPa an
additional permanent action of 1.5 kPa has
heen allowed

5 Fortypical square grid, interior span only
6 Deflection to be the lesser of span/250 or 35 mm

14




while the deflection for calumn strips is less than
3span/250 the total deflection at mid-span is likely
to exceed 25 mm

15

. . . Job No. Sheet No. \ Rev.
CONSULTING |Engineering Calculation Sheet
ENGINEE R S|Consulting Engineers XXX 94
Member/Location
Job Title |Member Design - Prestressed Concrete Beam and Slab |P Ref
Member Design - PC Beam and Slab Madeby )X |Date 24/10/2026 ¢
BS8110
[ FLAT SLAB
|| REINFORCED FLAT SLAB and PRESTRESSED FLAT SLAB Multi-span
460
440 T K
] 0 Imposed action (kPa) = 5.0
| o
400 .
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| E
[=]
|| @
|| =
=
| | = |
| E e wem | Generally not economical
S
| S 12
| ] 6 7 8 9 1 12 13 14
|| SPAN, L (m)
CURVES
Bl _Y__
| ] 1] Reinforced i
1 0.75D
| ] Prestressed L—JL /3
|| SECTION A-A
NOTES:
[ 1 For preliminary design and initial sizing only.
— 2 Imposed action of 2,0 kPa typical for domestic efc
3.0 kPa typical for offices etc and 5.0 kPa typical
| for assembly areas without fixed seating
| 3 A120/120/120 Fire Resistance Level assumed
4 The following additional permanent actions
[ ] (dead loads) are included with the imposed actions
| (live load) when preparing this chart
a For imposed action of 2.0 kPa an additional
— permanent action of 0.5 kPa has been allowed
| b For imposed actions of 3.0 kPa and 5.0 kPa an
additional permanent action of 1.5 kPa has
|| been allowed
5 Fortypical square grid, interior span only
[ | 6  With reinforced flat slabs, for spans aver 9 m,
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RIBBED [WAFFLE] SLAB

REINFORCED RIBBED SLAB

Single and Multi-span

800 2333
750 i — A 2050
Imposed action (kPa) :’570‘ Imposed action (kPa) = 5.0
y 2 P
700 o 216.7
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650 7 - ” // 557 2083
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raltg £
L 2
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- / / S
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s 2 - -
T ”' E
£ 3m0 1500 2
= e wmm | Generally not economical §
x
B 250 141.7 &
5 £
= 200 1333 =
6 7 8 9 10 1" 12 13 14
SPAN, L (m)
LofEm0 10 AN .
CURVES 0
| | ‘ Slab 120 4 L
1] Single span D_i_ f S/ r
l ; <~ W Taper < A
2| Multi-span — ”
ey
EUT‘.‘ L@U /Egou wide beam N e P b
SECTION A-A ﬂ;/ o\
NOTES: p / <\\ T
1 For preliminary design and initial sizing only. ﬂo / / AN e \\\ ¥
2 Imposed action of 2.0 kPa typical for domeslic elc, g L \ N
3.0 kPa typical for offices elc and 5.0 kPa typical ~ AN AN N
for assembly areas without fixed seating \\\ Y
3 A120/120/120 Fire Resislance Level assumed \\

4 The following additional permanent actions
(dead loads) are included with the imposed actions

(live load) when preparing this chart: Y
a Forimposed action of 2.0 kPa an additional y 4
permanent action of 0.5 kPa has been allowed \\
& g [
b Forimposed actions of 3.0 kPa and 5.0 kPa an \ \\\ X\ \\ \\/ r
additional permanent action of 1.5 kPa has \\ \\ \\>‘/ /,/
been allowed N N N o
5  For single-span, continuity at core wall assumed R \\\//\ //y
For multi-span, typical interior span assumed ’ s
6 Deflection of rib to be the lesser of span/250 ‘
or 35 mm MULTI-SPAN

SINGLE SPAN
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[ BAND BEAM AND SLAB

REINFORCED and PRESTRESSED BAND BEAMS and SLAB Single Span
] 800
|| 750 7
p / Imposed
|| 0 Imposed action (kPa) = 5.0 z action K
| 650
] 600

o
| o~

e mmm | Generally not economical

BAND BEAM DEPTH, D (mm)

200

SPAN, L (m)

120 slab
]

CURVES By S 500 wide beam

1] Reinforced, 600 4200
2| Reinforced, 1200 4800

3 | Reinforced, 2400 6000

] 4 | Prestressed, 1200 4000

[ NOTES:

| | 1 For preliminary design and initial sizing only.

2 Imposed action of 3.0 kPa typical for c

elc
thout

and 5.0 kPa typical for assembly areas
fixed seating

3 A120/120/120 Fire Resislance Level assumed

— 4 Forimposed actions of 3.0 kPa and 5.0 kPa
an additional permanent action (dead load) of

— 1.5 kPa has been included with the imposed
actions (live load) when preparing this chart

5 Continuity at core wall assumed

— 6 Dellection of band beam to be the lesser of
span/250 or 35 mm
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—1 1 For preliminary design and initial sizing only.

2 Imposed action of 3.0 kPa typical for offices etc
and 5.0 kPa typical for assembly areas without
fixed sealing

A 120/120/120 Fire Resistance Level assumed

Bow

For imposed actions of 3.0 kPa and 5.0 kPa,
an addilional permanent action (dead load) of
1.5 kPa has been included with the imposed
actions (live load) when preparing this chart

Typical interior span assumed

3]

=

Deflection of band beam to be the lesser of
span/250 or 35 mm
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— BAND BEAM AND SLAB
[ | REINFORCED BAND BEAMS at 8.4 m CENTRES Multi-span
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|| Imposed action (kPa) = 5,0"
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| 600 Pt
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|| 0,
|| CURVES By D I
| [1] Reinforced, 1200 200
|| [2] Reinforced, 2400 170 ‘ ‘
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| NOTES: SECTION A-A
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BAND BEAM DEPTH, D (mm)
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BAND BEAM AND SLAB

PRESTRESSED BAND BEAMS at 8.4 m CENTRES

Single and Multi-span

i

we wes wem | (Generally not economical

7 8 9 10
SPAN, L (m)

CURVES B

w

D\¢
, . T _fD
1| Singlespan, 1800 160 T

2| Singlespan, 2400 150
3| Multi-span, 1800 160

4| Multi-span, 2400 150
NOTES:
1 For preliminary design and initial sizing anly.

2 Curves are for an imposed action of 5.0 kPa
(typical for assembly areas without fixed seating)
to which has been added a permanent action
(dead load) of 1.5 kPa

3 A120/120120 Fire Resislance Level assumed

4 Forsingle span, continuity at core wall assumed
For multi-span, typical interior span assumed

6 Deflection of band beam to be the lesser of
span/250 or 35 mm

1 12 13 14 15 16

Bw
SECTION A-A

SINGLE SPAN

MULTI-SPAN
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