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LOI MO DAU

Tai liéu nay dugc bién soan boi VSL. S¢ di t6i thuc hién bién dich tai liéu nay boi vi day 1a mot tai liéu thuc
su don gian, ngan gon, nhung chira dung rat nhiéu thong tin vé thiét ké két ciu wng suit trudc.

Trong tai liéu co dé cap dén cac phan mém thuong chuyén dung dé thiét ké nhu STATIK hay FACUS, tuy
nhién chung ta ciing c6 thé sir dung SAFE dé thyc hién tinh toan.

Pugc bién soan trén co s& tinh toan theo tiéu chudn ACI, do d6 mét s6 khai niém nhic dén trong tai liéu c6
thé tuong dbi la so voi ki su Viét Nam, vi du noi luc di nhan hé sé (factored), dd bén danh nghia (nominal
strength), hé s giam d6 bén (¢), v.v.. . Song didu quan trong nam & nguyén Iy tinh toan va thiét ké bé tong
{ing suat trudc dugc trinh bay tuong di rd rang.

T6i va ban s& kh6 c6 thé tré thanh chuyén gia vé ang suat trudce khi doc xong tai liéu ndy. Tuy nhién nhiing
kién thirc trong d6 thuc sy rat tha vi, d6 1a suy nghi cua t6i khi lan dau tién tiép can va ciing 1a diéu théi thic
t6i thuc hién bién dich.

Do han ché vé ngbn ngir, mot sé thuat ngir trong vai viét duoc dich c6 thé chua chinh xac, mong cac ban
théng cam.

Hy vong day s& la mét tai liéu hiru ich cho ban.

Ha Ngi, ngay 18 thdng 04 nam 2014
Nguoi bién soan

Hé Viét Hung
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1. BASIC CONCEPTS

1.1. The Principle of Design in Civil Engineeing

Design is the process of selecting/ creating

structural layout,

shape and size of member,

material of structure,

method of construction.
Analysis is the process of investigation/ review of
given condition. Activity: to calculate the response of
the structure due to the applied loading.

1.2. Objectives of Design

A structure must fulfill the design objectives:
o Feasibility:
available materials, technologies, human resources
o Safety:
Strength, code limitations
e Serviceability
Aspect of camber, deflection, corrosion, fire
resistance
e Economy
Optimal price, compared to alternative
e Functionality
Purpose of structure
e Aesthetics

1.3. Design Approaches

Main criteria in prestressed concrete design
Stresses of section under transfer and service load
must not exceed the allowable stresses.
Ultimate capacity of section must be sufficient to
resist factored load.
To fulfill the two main criteria, two design approached
are used:
USD Ultimate Strength Design
WSD Working Stress Design

1.4. Concepts of Prestressing

Prestressed concrete, also reinforced concrete,
essentially is a composite material. It consists of

concrete and steel.

1. CAC KHAI NIEM CO BAN

1.1. Nguyén Iy thiét ké Két cAu
Thiét ké 1a qua trinh lra chon

mit bang két ciu,

kich thudc caa cau kién,

vat liéu,

cong ngh¢ xay dung.
Phan tich 1a qué trinh kiém tra cac diéu kién. Noi
dung: tinh toan phan wng cua két cau khi chiu tac
dung cua tai trong.

1.2. Muc tiéu thiét ké
Két cAu phai thoéa man cac muc tiéu thiét ké:
e Kha thi;
vat liéu, cbng nghé, nhan luc
e Antoan:
bén viing, thoa man cac yéu cau cua tiéu chuan
e Diéu kién sir dung
Do vong, do véng, chdng an mon, chiu lira
e Tinhkinhté
Ti wu vé gia thanh,
e Chuc nang
Muc dich cua két cau
e TinhthAm mi

1.3. Phuong phap thiét ké
Diéu kién chinh trong thiét ké bé tdng wng suat trudc
Ung suét coa tiét dién dudi tai trong tai thoi
diém budng neo va khi sir dung khong vuot qua
g suat cho phép
DPam bao diéu kién bén tai trang thai gigi han
Pé thoa min hai diéu kién trén, hai phuwong phap
thiét ké duoc st dung la:
USD Thiét ké theo trang thai toi han
WSD Thiét ké theo tng suat cho phép

1.4. Khai niém vé ng suit truéc

Bé téng ung Suat trudc, va ca bé téng cot thép, co
ban 1a mot loai vat liéu hdn hop, bao gom bé tong va
ct thép.

Cong ty TNHH Két Cau WEFLY - http://wefly-str.com
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The concrete component carries the compressive
force.

The steel component carries the tensile force.

The prestressing force is applied to balance the
external load.

Response of a member under the external loads is
illustrated below:

Gravity load
Trong lyc

Phan bé tong chiu luc nén.

Phan cét thép chiu luc kéo.

Luc cing trudc duoc tao ra dé can bang véi ngoai
luc.

Phan ung cua két ciu dudi tAc dung cua ngoai luc
dugc thé hién trong so dd dudi déy:

Girder

LV e

¢gc_
Try

P

T

/\ \ Prestressing cable A

Cép (rng suét trudc

Moment due to gravity load

Mé men do trong lyc

Moment due to P/T

NERY,

M/w

+
+ +
P.e/W

Mé men do Iwe cang trudce

I = V
P/A

STRESS AT THE MIDDLE OF SPAN

(FNG SUAT TAI TIET DIEN GIU'A NHIP

Prestressing force is considered as external load that
acts against gravity load. Stress diagram shows that
compressive axial stress [+] that is produced by
prestressing could reduce the tensile stress [-] that is
caused by gravity load. Therefore, the section can be
crack-free designed.

1.5. Prestressing load

Load balancing method

This method is suit for
(continuous beam, slab, frame).
First step is selecting a prestressing force and tendon

analysis of building

profile which creates an equivalent load opposite to
external load.

Luc cang trude dugc sir dung nhu mot ngoai lyc cd
tac dung nguoc lai so vai trong luc. So d6 (ng suat
cho thdy ing suat nén [+] dwoc sinh ra boi luc ¢ng
Suit trudc ¢ thé giam @ng suat kéo [-] duoc sinh ta
bai trong lec. Do d6, tiét dién c6 thé duoc thiét ké dé
khong thé xuat hién vét nut.

1.5. Lwe cang truéce

Phuong phép can bang tai trong

Pay 1a phuong phap phu hgp dé phan tich két cau
cong trinh (dam lién tuc, ban san, khung)

Budc dau tén 1a chon luc cang trude va hinh dang
cua tuyén cap dé tao ra mot tai trong tuong duong
tac dung nguoc lai véi ngoai luc.

Cong ty TNHH Két Cau WEFLY - http://wefly-str.com

Ho Viét Hung

KetcauSoft - Phat trién phan mém thiét ké két cu Viét Nam - http://www.ketcausoft.com




Prestressed Concrete Design Manual — Hudng dan thiét ké bé tong tng suét trudc

- CA4c kiéu b tri cap va tai trong twong duong twong
ng la:
- Cap thang (s dung cho san & dudi nén dat)

Type of cable layouts and the related equivalent load
are:
Straight tendon (for slab on ground)

P c.g.c P

1

\

A \ Prestressing cable £
Céap g suét truoc

Harp tendon (for transfer beam) ' Cép gap khc (s dung cho dam chuyen)

A l“‘-.\ Prestressing cable A
Cap (rng suét trude
P = (1/4)Pv*Lle

Parabolic tendon (for simply supported member) Cép parabol (str dung cho dam don gian)

PAAAA AR 000000

"\ Prestressing cable FAN
Cap tng suét trwdc

q = 8P*e/L?

 lién két ngam)

m b L bR ARty

Pr/-_) ‘_-‘\ P
Ny .
J '\ Prestressing cable L
Cép (rng suét trude E?Lumn
M=P'e, Mgz=Pe, °
Coéng ty TNHH Két CAu WEFLY - http://wefly-str.com Ho Viét Hung
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2. STAGES OF DEISGN

2.1. Determining the Load

The function of structure is known. Check the loads
that are possible to be applied at the beginning of
construction up to service time and ultimate condition.
Generally, loads that are considered in prestressed
concrete are:

o Dead load

o Liveload

e  Prestress load
Prestress load depends on the prestressing system
used, geometry of cables and method of work.
The structure must be checked for the
combination related to stages of loading. Certain
loading stages are:

load

e Pouring of concrete
e Stressing of tendon
e Service

e Ultimate (factored)

2.2. Determining the Preliminary Dimension.

The depth of beam, h = L/20to L/30
The thickness of slab, t = L/35 to L/55

2.3. Selection of material

Select the concrete grade, prestressing type, rebar
grade

2.4. Checking the Pre-defined Parameter

Check (do analysis) the stress of section due to
transfer load and service load. The allowable stress
shouldn’t be exceeded.

If the dimension of member is OK at this stage, it can
be used (for information only) as a preliminary design.

2.5. Checking the Capacity of Section for Ultimate
Load

Prestressing steel and rebar will be functioned to carry
the tension force due to ultimate load since at this
stage, the tensioned fiber of section is cracked.

2. CAC BUOC THIET KE

2.1. Xé4c dinh tai trong
V&i cong ning da biét, liét ké nhirng tai trong c6 thé
co tir khi bit dau xay dung cho toi khi dua vao sir
dung va trang thai tai han.
No6i chung, cac loai tai trong can xem xét d6i voi bé
tong ung luc trudce la:

e Tinh tai

e Hoat tai

e Taitrong ng huc trude
Tai trong ung luc trude phu thude vao hé théng ing
luc trudce, hinh dang cap va phuong phap thi cong.
Két cau phai duoc kiém tra voi cac td hop tai trong
tuong (tng Va4i giai doan gia tai. Cé cac giai doan gia
tai duoc liét ké dudi day:

e Djbétong

e Cangcap

e Giai doan str dung

e Trang théi t6i han (dugc nhan hé sé)

2.2. Xac dinh kich thwéc so bo

Chiéu cao cua dam, h = L/20 dén L/30
Chiéu day cua san, t = L/35 dén L/55

2.3. Lwa chon vat liéu
Lua chon cip do bén bé tdng, loai wng suat trudc,
nhom cét thép

2.4. Kiém tra cac kich thudre so bo

Kiém tra (phan tich) (ng suat cua tiét dién dudi tac
dung cua tai trong tai thoi diém cang cap va tai trong
sir dung. Ung suat khong duoc vuot qua cac gi tri
cho phép.

Néu kich thuéc ciu kién di chon théa min cac diéu
kién, c6 thé sir dung dé tién hanh thiét ké so bo.

2.5. Kiém tra kha niing chiu lyc cia tiét di¢n duéi
tac dung cua tai trong téi han

Thép wng suat truéc va cot thép duoc s dung dé
chiu luc kéo duéi tac dung cua tai trong tGi han, do
trong giai doan nay thd kéo cua tiét dién da b nit.

Cong ty TNHH Két Cau WEFLY - http://wefly-str.com
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Conditions must be fulfilled:
Miap > My
Muap = flexural capacity of section = ¢M,
M, = nominal moment strength
¢ = strength reduce factor
M, = factored moment at section

2.6. Calculating the Shear Capacity, Deflection,
Camber

Checking the capacity of section for shear force and
assign the stirrups to increase the capacity or as
minimum (code limitation). Deflection should not
exceed the allowable magnitude.

2.7. Review and Redesign

Review is needed to check the performance if there
are some change in architectural aspect, function, load,
actual site condition, and method of work. If the
original design is not satisfied for actual condition,
redesign must be performed.

Piéu kién can duoc thoa man:
Miap > M,
M., = kha nang chiu uén cua tiét dién = oM,
M, = d6 bén chju uén danh nghia
& = hé s6 giam do bén

M, = mo6 men da nhan hé so

2.6. Tinh toan kha niing chiu lwc cit, dd vong, do
vong

Kiém tra kha ning chiu cit cua tiét dién va sir dung
cbt dai dé tang kha ning chiu cat ciing nhu dam bao
ham lwong tdi thiéu (theo tiéu chuan). Do vong
khong dugc vuot qua gia tri cho phép.

2.7. Kiém tra va thiét ké lai

Viéc kiém tra can duoc thuc hién khi c6 sy thay dbi
vé kién tric, chie ning, tai trong, diéu kién thuc té,
va phuong phap thi cong. Néu thiét ké ban dau
khong dam bao diéu kién thuc té, can tién hanh thiét

ke lai.

Cong ty TNHH Két Cau WEFLY - http://wefly-str.com
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3. WORKING STRESS 3. UNG SUAT CHO PHEP
Allowable stressed limits for prestressed concrete Gigi han vé ung suat d6i vai bé tong ng suat trude
At transfer of prestress force: Tai thoi diém cang cap
Compression: 0.6fy’ Nén: 0.6fy’
Tension: -0.25Vfy’ Kéo: -0.25Vfy’
At service condition: Trong giai doan st dung
Compression: 0.45f Nén: 0.45f;
Tension: 0.5V Kéo: -0.5Vf,
NOTE: f;’ and f.” are in MPa CHU Y: bon vi cua fy’ va f,” la MPa

The stressed due to gravity load and prestress load Ung suat dudi tdc dung cua trong lec va cua tng
shall not exceed the allowable limits as mentioned = suat trudc khong duoc vuot qué cac giGi han trén. do

above. So, do,
at transfer of prestress force: tai thoi diém cang cap
top fiber: dbi véi thé trén
o = Pi/A + Mi/W; — Pi.e/W; < o, and > ;" o = Pi/A + Mi/W; — Pi.e/W; < o4 va > o
bottom fiber: dbi véi thé dudi
o = Pi/A - Mi/W, + P;.e/lW; < 64% and > o;° o = Pi/A - MW, + P;.e/W; < 6% va > o
at service condition: trong giai doan sur dung
top fiber: dbi véi thé trén:
o = PIA + M/W; —P.e/lW, < 6. and > o o = PIA + M/W;-P.e/W;< . va >c
bottom fiber: dbi vé6i thé dudi:
o = PIA - M/W, + P.e/W, < &.* and > & o =P/IA - M/W; + P.e/W;< o va >
od, oY od, of = allowable stressed for revevant o’ o, oc, ot = lan luot la cac gia tri @ng suat cho
condition phép

W,;, W, = modulus of section for top or bottom fiber = W;, W, = lan luot 13 mé dun khang udn cua thd trén
respectively va thé dudi

Pi, P = axial force due to prestress at transfer and P;, P = lan luot 12 luc doc dudi tac dung cua ang suat
service respectively trudc tai thoi diém cing cap va khi sir dung

M, M = moments at transfer and service respectively ~ M;, M = lan luot 12 md men tai thoi diém cang cap

va trong giai doan st dung

tension [-] compresstion [+]

kéo [-] nén [+]
ti

G

~._ Service load (maximum)
Tai trong trong giai doan str dung (maximum)

Transfer load (minimum)
/ Tai trong tai théi diém cang cap (minimum)

I
Gta |/ \lo-cai

Stresses at the middle of span (single heam)
Ung suét trén tiét dién gitra nhip (ddm don gian)
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4. CABLE LAYOUT

4.QUY PAO CAP

The aspects to be considered in determination of
eccentricity:

HINTS:

Concrete cover

Anchor position
Allowable stresses
Feasibility of application

Tendon layout is similar to the shape of moment
diagram.

Cable should be positioned at tensioned zone. At zero
moment zones (at cantilever free end, at simply

support beam ends), cable/ anchor is put at c.g.c in
order that there is no moment due to prestress.

JAN

Céac van dé can duoc ké dén khi xac dinh quy dao
cap:

e L&p bétdng bao vé

e Vitrineo

e Ung suét cho phép

e Tinhkha thi
GOl Y:
Quy dao cap dong dang véi hinh dang caa biéu dd
md men.

Céap can duoc dat trong viing kéo. Tai nhirng ving
c6 md men bing 0 (dau tu do cua cong x6n, hai dau
dim don gian), cap hodc neo dwgc dit & truc trung
hoa dé dam bao khong c6 md men phét sinh bai lrc

cang trudc.
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5. ULTIMATE CAPACITY

At ultimate condition (factored load), tensioned fiber
in girder is cracked and tension stress carried by
prestressing steel (and rebar). Stress diagram is
illustrated below

elastic
dan hoi

/

Uncracked (sevice)

Chuwa bi nit (giai doan st dung)

5. TRANG THAI TOI HAN

Tai trang thai toi han (tai trong duoc nhan hé sd), tho
kéo trong dim vi nat va wng suat kéo dugc truyén
sang thép ng suat trude (va cét thép). Biéu dd ung
suat dugc thé hién nhu hinh dudi

-

Concrete - compression
Bé tong - chiu nén

St_eel - tension
Cot thép - chju kéo

Cracked (ultimate)

Da bi nt (trang thai t&i han)

@ —> Tps —> Tps
° o o —> T, —> T,
Lo | |
actual practical
thuc t& thuc hanh

Forces act at the section:

C=0.85f.b.a

Tos = Aps.Tos

Ts= ATy
Moment equilibrium produces the moment strength:

M, = 0.85f;’.b.a(d-a/2)

d = (Aps.Fos.dp + AsFy.0ds)/ (Aps.Tps + Asfy)
Capacity moment is nominal moment multiplied by
reduction factor.

Mip = ¢M,
for concrete ¢ = 0.67 (BS code)

Luc tac dung Ién tiét dién:

C=0.85f..b.a

Toe = Aps.Fos

T, = A,

Do bén chiu uén (danh nghia):

M, = 0.85f,".b.a(d-a/2)

A= (AgeFos. Oy + Ay 0 (A Fos + Ay)
Kha nang chiu udn bang d6 bén chiu uén danh nghia
nhan véi hé sé giam d6 bén.

Mip = M
dbi v6i bé tong ¢ = 0.67 (tiéu chuan BS)

Cong ty TNHH Két Cau WEFLY - http://wefly-str.com

Ho Viét Hung

KetcauSoft - Phat trién phan mém thiét ké két cu Viét Nam - http://www.ketcausoft.com




Prestressed Concrete Design Manual — Huéng dan thiét ké bé tong &ng suét trusc

6. LOSS OF PRESTRESS

Force in prestress tendon, as an active component,
decreases with time.
Prestress losses could be divided into two stages
namely:
Short term losses due to

1. friction at anchor and jack

2. friction between strand and duct

3. draw-in of wedges

4. elastic shortening of concrete
Long term losses due to

1. shrinkage

2. creep

3. relaxation of cable

6. TON HAO UNG SUAT

Lyc trong cap wng suit trudc bi suy giam theo thoi
gian.
Sy t6n hao ang suat cd thé chia thanh hai giai doan
nhu sau:
Céc ton hao ngan han dudi tac dung cua

1. Masat tai neo va ném

2. Ma sét gitra cap va éng dan céap

3. Tudt ném

4. Congin dan hoi cua bé tong
C4c ton hao dai han dudi tac dung cua

1. Cong6t

2. Tirbién

3. Su ddo cua cap
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7. PRACTICAL GUIDE

7.1. Section Properties

7.1.1. Dimensions of beam

L = length of span
h = depth of beam

=L/25 (first trial)
b = width of beam
= (2/3)*nh  (first trial)

t = thickness of slab
b’ = effective top-width of beam
=b+ 12t for interior beam

7. HUONG DAN THU'C HANH

7.1. Pic trung tiét dién

7.1.1. Kich thuéc ctia dim
b

1]

Interior beam
dam & phia trong

Edge beam
dam bién
L = chiéu dai nhip
h = chiéu cao dam
=1/25  (sobo)
b = chiéu rong dam
= 213)*h (sobo)
t = chiéu day san
b’ = chiéu rong canh hiéu qua cua dam
=b+ 12t dbi v6i dam ¢ giira

=b+6t for edge beam =b+6t dbivsi dam bién
Example Vi du
Given: L = 18m, t = 0.12m (could be proposed by = Gia thiét: L = 18m, t = 0.12m (can duoc dé xuat bégi
engineer) Ky su)
Determine: Xac dinh:

h=18/25=0.72m = say h=0.70m
b =(2/3)*0.70 = 0.46m = say b = 0.50m
b’=0.50+ 12*%0.12 = 1.94m

conclusion

1.94

h=18/25=0.72m = chon h=0.70m
b =(2/3)*0.70 = 0.46m = chon b =0.50m
b’ =0.50 + 12%0.12 = 1.94m

két luan

T
|

jo.u

0.7

This section properties to be used as first trial in
computer input, stress check, ultimate capacity check
and deflection check.

Cac dac trung tiet dién trén duoc sir dung dé tinh
todn so b, kiém tra vé ung sudt, vé trang thai toi

han, va vé ds vong.
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7.1.2. Dimensions of slab

Slab + band beam
‘ ‘ San + dam bet ‘

7.2.2. Kich thuéc sin

Slab + band beam
‘ ‘ San + dam bet ‘

Be‘md beam
/\_D&m bet
| Tt u O
T
|
| D l:l |
| = ‘ . ‘

L = length of span
t = thickness of slab
= L/45 for slab width band beam (first trial)
= L/40 for flat slab (first trial)
h = depth of band beam
= 2.2*t (first trial)
b = width of band beam
= L/4.5 (first trial)

L = chiéu dai nhip
t = chiéu day san
= L/45 d6i véi san c6 dam bet (so' bo)
= L/40 d6i véi san phang (so bo)
h = chiéu cao dam bet
=2.2% (50 bo)
b = chiéu rong dam bet
= /45 (50 bo)

Example

Given: L =8m

Choose: slab with band bam

Determine:

t=8/45=0.177m = sayt=0.18m
h=2.2*0.18/45=0.396m = say h=0.4m

b=8/45=1.77m = say b =1.8m

Vi du

Gia thiét: L = 8m

Truong hop: san c6 dam bet

Tinh toan:

t=8/45=0.177m = chont=0.18m
h=2.2*0.18/45 =0.396m = chon h=0.4m

b=8/45=177m = chonb =1.8m

7.2. Material Properties

At first trial, use

normal concrete grade: . = 30MPa (or given

by client)
Rebar: longitudinal rebar  f, = 460 MPa
stirrups f, = 250 MPa

Strand: low relaxation strand ¢ 0.5in (12.7mm)
grade 270, ASTM A416

Calculate elastic modulus of concrete:
E.=4700Vf°  (f in MPa)

7.2. Dic trwng vit liéu
Trong tinh toan so bg, str dung
Cap d6 bén cua bé tong:  f. = 30MPa (hoic
theo quyét dinh cua chu dau tu)
C6t thép: cdt thép doc f, = 460 MPa
cot thép dai f, = 250 MPa
Cap: cap co6 do gidn bé ¢ 0.5in (12.7mm) nhém
270, ASTM A416
Tinh toan mo dun dan hdi caa bé tong:
E. = 4700Vf; (don vi cua f.” 1a MPa)

Example

Given: f;> = 30MPa

Calculate: E, = 470030 = 25742 MPa
Use this value in computer input

Vi du

Gia thiét: f” = 30MPa

Tinh toan: E; = 4700V30 = 25742 MPa

Sur dung gia tri nay d@é nhdp vao phan mém

7.3. Loading

Determine the density of concrete, y: Use y = 25kN/m®

7.3. Téi trong

Trong luong riéng cua bé tong: y = 25kN/m®
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Determine superimposed dead load (SDL) and live = Tinh tai b6 sung (SDL) va hoat tai (LL) cho cac loai
load (LL) for: céng nang cO gia tri nhu sau:
office: SDL = 1.5 kN/m? van phong: SDL = 1.5 kN/m?

LL = 2.5 kN/m? LL = 2.5 kN/m?
apartment: SDL = 2.0 kN/m? can ho: SDL = 2.0 kN/m?

LL = 2.0 kN/m? LL = 2.0 kN/m?
shopping mall:  SDL = 1.5 kN/m? khu thuong mai: SDL = 1.5 kN/m?

LL = 4.0 kN/m? LL = 4.0 kN/m?
theatre: SDL = 2.0 kN/m? nha hat, trién 1am: SDL = 2.0 kN/m?

LL = 4.0 kN/m? LL = 4.0 kN/m?
or refer to data given by client hoic theo s6 liéu dwoc cung cip bai chu dau tu
7.4. Prestress Force and Layout 7.4. Lwc cang trudc va quy dao cap

My

M,
I\ A Moment due to DL+LL

W ) M6 men do DL+LL

Choose suitable tendon layout according to the shape Chon quy dao cap theo hinh dang cua biéu d6 mod

of moment diagram. - men
Anchorage Continuted
/ Neo Géi lien tuc

CV.II /
[

At first trial, prestress force is determined @ Trong budc tinh so b, luc ciang trudec dugc chon
approximately from moment due to gravity load. dua theo m6 men gay ra bai trong huc.
Mpr” = P*er Mpr> = P*er
Mpr” = 0.6*(MpL + Myy) Mpr” = 0.6*(MpL + M)
Determine cvy, CV», CVs, then et is obtained Xac dinh cvy, cvy, CVs, Va e
cv; = 0.200 m for round duct (used for beam) cvy = 0.200 m d6i vai dam
=0.075 m for flat duct (used for slab) =0.075 m ddi voi san
cv, = 0.100 m for round duct cv, = 0.100 m d6i vai dam
= 0.040 m for flat duct =0.040 m ddi voi san
CV3 = CV, CV3 = CV»
er = (h-cvi+h-cvs)/2-cv, er = (h-cvi+h-cvs)/2-cv;
Mer’ = 0.6 {(IM1[+|M3[)/2 + [M[} Mer” = 0.6 {(IM1+|M3[)/2 + [M[}
then do @6
P=Mpr’ /€T P=Mp’/er
P = effective prestress force (after all losses) P =lyc cing trudc hitu hiéu (sau khi mat mat)
= 0.75P (total losses +25%P ;) = 0.75Py (t6ng mat mat +25%P,¢)
P, = jacking force P = luc cang cap (tai ném)
< 0.8UTS (UTS = ultimate tensile strength of <0.8UTS (UTS = d6 bén kéo cua cap)
strand)
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7.5. Balanced Loading

Based on P/T force and layout already determined,
calculate P/T balanced load. Balanced load is
equivalent load of prestress that to be applied as
external load in calculation of internal force due to
prestress.

7.5. T4i trong cin b?mg

Dua trén gid tri lyc cang trudgc va quy dao cap, tinh
toan gia tri cua tai trong can bang. Tai trong can
bang 1a tai trong twong dwong do luc cing trudc,
dugc xét dén nhu ngoai luc khi tinh toén.

LZR L3
04L 0.1L
d3

‘ Ly Lo ‘
0L 04L
q4
TR
QoL

e, = distance between left highest point and left

inflection point

e, = distance between left inflection point and

lowest point of tendon

e,r = distance between right inflection point and

lowest point of tendon

es = distance between right highest point and right

inflection point

e_ = distance between left highest point and center

of gravity of concrete

er = distance between right highest point and

center of gravity of concrete

0. = 8P*e)/(2L,)>  (downward)

G = 8P.ea/(2La1)°  (upward)

Gor = 8P.e2r/(2L2r)°  (upward)

s = 8P*es/(2Ls)°  (downward)

M_ = P*e_

Mg = P*er
Calculation of P/T balanced load and it’s internal
forces can be performed by STATIK (for beam) and
CEDRUS (for slab)

Q2r

e, = do chénh cao gitra diém cao nhit bén trai va

diém ubn bén trai

e, = do chénh cao giita diém ubn bén trai va

diém thap nhit cua céap

e,r = d6 chénh cao gitta diém uén bén phai va

diém thap nhit cua céap

e; = do chénh cao giita diém cao nhat bén phai

va diém ubn bén phai

e, = do chénh cao giira diém cao nhat bén trai va

truc trong tdm cua tiét dién bé tong

er = d6 chénh cao giira diém cao nhat bén phai

Va truc trong tam cua tiét dién bé tong

0. = 8P*e/(2L,)*  (hudng xubng)

Qo = 8P.ex/(2L5)?  (hudng lén)

Oor = 8P.er/(2Lor)?  (hudng 18n)

s = 8P*es/(2Ls)*  (hudng xubng)

M, = P*e_

Mg = P*eg
Tinh toén tai trong can bang va noi luc sinh ra do tai
trong nay c6 thé thuc hién boi STATIK (cho dam)
va CEDRUS (cho san)
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7.6. Serviceability limit state

7.6.1. Allowable stresses limits of concrete
At transfer:

7.6. Gi6i han vé diéu kién sir dung

7.6.1. Ung suit cho phép ctia bé tong

Tai thoi diém cing cap:

compressive stress, . = 0.6*fy’ tng suatnén, o= 0.6*f;’
tensile stress, o = - Vi’ /4 tng sudt kéo, &%= - Vf,/4

At service: Tai thoi diém sir dung:
compressive stress, o = 0.45%f; (ng sudt nén, & = 0.45*f.’
tensile stress, ol =-V&2 tng sudt kéo, o2 =- /2

f&> = concrete strength at transfer fs’ = cuong do bé tdng luc cang cap
= 0.8*f;” but not less than 25MPa = 0.8*f” nhung khong bé hon
25MPa

Example Vidu

Given: f.” = 30MPa Gia thiét: f.” = 30MPa

Calculate: Tinh toan:

fi’ = 0.8*%30 = 24 MPa < 25 MPa, then use f’ = fi> =0.8*30 = 24 MPa < 25 MPa, do d6 f;’ = 25

25 MPa (minimum requirement for stressing)
o = 0.6%25 = 15 MPa

o4’ = - V25/4 = -1.25 MPa

o’ = 0.45*30 = 13.50 MPa

o =-30/2=-2.74 MPa

MPa (gia tri tng suat yéu cau téi thiéu)
o’ = 0.6*25 = 15 MPa

o’ = - \25/4 = -1.25 MPa

o = 0.45*%30 = 13.50 MPa

o =-30/2 = -2.74 MPa

7.6.2. Checking the stress
The stresses of section should fulfill the allowable
stresses.
At transfer:
oi° < Gitopi < ol
Gti® < Opoti < Oci-
At service:

a a
Ot < Otop < G

a a
Ot < Opot < O

7.6.2. Kiém tra v& tmg suit
Ung suét trong tiét dién phai thoa méin cac diéu kién
vé ting suat cho phép.
Tai thoi diém cing cap:
oi < Citopi < o h
Gti" < Oboti < Oci”
Trong thoi gian str dung:
ot < Otp < O

a a
Gt < Opot < O¢

top firber - thé trén

_

X — - _=d¥

]

Yt

Yb

bottom firber - thd dudi

Oopi = Stress at top fiber at transfer
onoti = Stress at bottom fiber at transfer
Giop = Stress at top fiber at service

Ghot = Stress at bottom fiber at service
Gopi = Pi/A + (Mpri+Msw)/W,

Gboti = PilA - (Mpri+Msw)/ W),

Giopi = UNQ Suat tai thd trén luc cang cap
Gpoti = UNQ Suat tai thd dudi lac cang cap
Grop = UNQ SUA tai tho trén khi st dung
Gpot = (N Suét tai thé dudi khi sir dung
Giopi = PilA + (Mpri+Msw)/W;

Gpoti = PilA - (Mpri+Msw)/Wh
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Giop = PIA + (Mpr+Msw.pL )/ Wi

Gbot = PIA - (Mpr+MswpL)/ Wy

Pi = initial prestress force (after short term losses)
=1.15*P (P - after long term losses)

A = area of section

Mpri = moment due to P/T balanced load at

transfer = 1.15*Mp+

Mpr = moment due to P/T balanced load at service

Msw = moment due to self weight of structure at

transfer

Mp_+L = moment due to dead load and live load

W, = Ly,

W, = Ly

7.7. Location of Section to be Checked

Giop = PIA + (Mpr+Mswip )/ Wi

Gpot = P/A - (Mpr+Msw.pL)/W

P; = lyc cang trudc ban dau (ton hao ngan han)
=1.15*P (P - sau ton hao dai han)

A = dién tich tiét di¢n

Mpri = mO men do tai trong can bang tai thoi

diém cang cap = 1.15*Mpr

Mpr = mO men do tai trong can bing trong giai

doan str dung

Msw = MmO men do tai trong ban than tai thoi

diém cing cap

Mpi+LL = m6 men do tinh tai va hoat tai

W, = Ly,

Wy = Ly

7.7. Céc tiét dién can kiém tra

N fan -
(2) (3) Cﬁ)

Ll

N /’I\
)

BN

:%w (3)
I
\
I
|

Beam: Section at position 1, 2, 3 must be checked for
serviceability limit state and ultimate limit state
Slab with band beam: Section at position 1, 1°, 2, 3°, 3
must be checked for serviceability limit state and
ultimate limit state

At 1 and 3 use depth of band beam

At 1°, 2, 3’ use depth of slab

7.8. Deflection

Allowable deflection limit
A, = L/360 due to live load only

Deflection at any location should fulfill the condition:
A< A,

A can be calculated by structural computer software

L

-

BN

Dam: céc tiét dién 1, 2, 3 can duoc kiém tra theo
trang thai sir dung va trang thai téi han
San ¢ dam bet; cac tiét dién 1, 17, 2, 37, 3 can duoc
kiém tra theo trang thai st dung va trang théi gigi
han

Tai 1 va 3 sir dung chiéu cao caa dam bet

Tai 17, 2, 3’ sir dung chiéu day cua san

e

S

T

7.8. D) vong

Do vong gisi han
A, = L/360 do tac dung cua hoat tai

Do vong tai vi tri bat ky phai thoa méan diéu kién:
A<A,

A duoc xac dinh boi phan mém phan tich két cau

1
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7.9. Ultimate Limit State

7.9.1. Checking the ultimate flexural strength
The flexural strength must fulfill the condition:
oM, > M, or ultimate strength factor: M./ M, >
1.0
M, = nominal moment strength
¢ = strength reduction factor
M, = factored moment at section
=1.4*Mp + 1.6*M__ + 1.0*Mg,
Mp. = moment due to dead load
M. = moment dur to live load
Msec = Secondary moment due to prestress
NOTE: M, can be calculated by STATIK
Ult. Strength factor can be obtained by
FAGUS
For slab, secondary moment calculation not to be
performed since it’s difficult. Therefore, for slab, M, =
14p. + 1.6, and prestressing is considered as
reinforcement in nominal strength calculation.

7.9.2. Secondary moment
Secondary moment is produced by prestress load
because of restrain at support.

) (2)

S R

;

m

.

R
—— — =)

7.9. Trang thai gi¢i han

7.9.1. Kiém tra d6 bén ubn
Do bén chiu ubn phai théa mén diéu kién:
M, > M, hoic ti s6 bén ¢M,/M, > 1.0

M, = d6 bén ubn danh nghia
® =hésb giam do bén
M, = md men d4 nhan hé sd
=1.4*Mp + 1.6*M_ | + 1.0*Mgc
MpL = m6 men do tinh tai
M_L = md men do hoat tai
Msec = md men tht cp do lec cang trudc
GHI CHU: Mg 6 thé duoc xac dinh bei STATIK
Ti s6 bén c6 thé duoc xac dinh bing
FAGUS
Déi véi san, md men thir cap rat kho xac dinh. Do
do6, d6i voi san, M, = 1.4p, + 1.6, va tac dung cua
{ing suat trudc s& dugc tinh toan nhu ¢t thép khi xac
dinh d6 bén danh nghia.

7.9.2. M6 men thtr cip
M6 men thir cAp phat sinh do lrc cing trudc tac
dung tai cac dau neo.
)
T
I

Moment due to prestress

Mer4 I/

\I Mers

Mé men do luc cang trurdc

=]
R

Cap layout
Qu¥ dao cap

secl1| +

Secondary moment
Mo men thir cap

sec3

Secondary moment at 1, 2, 3 are calculated as follows:

Msec1 = Mpry - P*eL
Msecs = Mprs - P*er

M men thir cap tai cac diém 1, 2, 3 duoc xac dinh
nhu sau:

Mseer = Mpr1 - P*eL
Msecs = Mprs - P*er

Msecz = (Msecl+Msec3)/2 (interp0|ated) Mgeer = (Msecl+Msec3)/2 (I’]él suy)
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7.10. Shear

Section must be checked and design for possible shear
forces namely flexural shear, torsion and punching
shear.

7.10.1. Flexural shear

The computer software (e.g. FAGUS) can be used to
calculate shear strength and the reinforcement. If the
calculation to be performed manually, choose suitable
code (e.g. British Standard, ACI etc.)

See ACI 318M-89 section 11.4

7.10.2. Punching shear

For flat slab, punching shear must be checked.

At present condition, punching shear should be
checked manually by referring to available code (ACI,
BS, etc.)

See ACI 318M-89 section 11.12

7.11. Example of Service and Ultimate Check

7.11.1. Geometric data

7.10. Lyec cit
Tiét dién phai duoc kiém tra va thiét ké cho cac
truong hop hrc cit: ubn cit, xoén, va choc thang.

7.10.1. Udn cat

Phin mém phan tich két cu (vi du FAGUS) sé& tinh
toan do bén cit va cbt thép chiu cat. Néu tinh toan
bang tay c6 thé sir dung cac tiéu chuan nhu BS hoic
ACI.

Xem ACI 318M-89 myc 11.4

7.10.2. Choc thiing

San phing can duoc kiém tra choc thung.

Tai thoi diém hién tai, diéu kién choc thang c6 thé
kiém tra bang tay theo cac tiéu chuin nhu BS hoic
ACI.

Xem ACI 318M-89 muc 11.12

7.11. Vi du tinh toan

7.11.1. Théng sb hinh hoc

1.94

T
4 :[0'12 A = 5228 cm?

¥;= 254 cm
Y= 44.6 cm
W, = 95331 cm®
W,= 54341 cm®

m f. =30 MPa
JLL P = 2200 kN
7.11.2. Tendon layout 7.11.2. Quy dao cap
2200 kN P
50 cm 60 cm
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7.11.3. Internal force (from computer result)
® @

I |

NS kNm i

' 7.11.3. Noi Irc (phan tich bing phin mém)

a2y
(3)

[

/] -519 kNm

Moment due to selt weight

+322 kNm

Nz KNm

+69 kNm
Mo kNm
+184 kNm
-407M

/478 kNm

+359 kNm

7.11.4. Pre-determining of prestress force
Total moment due to DL + LL:
[M,| = |-526-112-300| = 938 KNm
[M,| = [+322+69+184| = 575 kKNm
|[Mj| = |-619-132-354| = 1150 KNm
Approximated prestress requirement (60% of DL+LL)
Mpr = 0.6*{(938+1150)/2+575} = 971.4 KNm
= P*{(0.5+0.6)/2-0.1} = 0.45*P
then P = 971.4/0.45 = 2159 kNm
say P = 2200 kN to be covered by 2*11 strands
(100KN each)

7.11.5. Secondary moment
Secondary moment are extracted from
calculation result:
Meee1 = 478-2200%(0.50-0.446) = 359 KNm
Meees = 624-2200%(0.6-0.446) = 285 KNm
Meeez = (359.2+285.2)/2 = 322 KNm
Secondary moments can be obtained by STATIK by
load case in

static

choosing “restraints” for prestress

“calculate” menu.

7.11.6. Stress check

The allowable stresses limits:
o = 0.6%25 = 15 MPa
o = - V25/4 = -1.25 MPa
ot =0.45*30 = 13.50 MPa
o = -\30/2 = -2.74 MPa

Stresses at extreme locations:

/] 132 kNm
/] -354 kNm

\I +624 kNm
| +290 kNm

Mé men do tai trong ban than

Moment due to SDL X
Mé men do tinh tai bé sung

Moment due to live load
M6 men do hoat tai

Moment due to prestress
Mé& men do luc cang truée

Secondary moment due to P/T
Mé men thir cép

7.11.4. Tinh toan so bd luc cang trudc
Téng md mendo DL + LL
M| = |-526-112-300| = 938 kNm
IM,| = [+322+69+184] = 575 kNm
IM3| = |-619-132-354| = 1150 KNm
Tinh gan dang luc cing trude (60% cua DL+LL)
Mpr = 0.6%{(938+1150)/2+575} = 971.4 KNm
= P*{(0.5+0.6)/2-0.1} = 0.45*P
do d6 P =971.4/0.45 = 2159 KNm
chon P = 2200 kN, sur dung 2*11 cap (100kN
mai cap)
7.11.5. M6 men thtr cap
M men thir cap duogc xac dinh bang cac két qua tinh
toan trén:
Msecr = 478-2200%(0.50-0.446) = 359 KNm
Msecs = 624-2200%(0.6-0.446) = 285 KNm
Msecz = (359.2+285.2)/2 = 322 KNm
M6 men thir cap c6 thé xac dinh bang phan mém
STATIK.

7.11.6. Kiém tra vé ng suét
Ung suét cho phép:
o = 0.6*25 = 15 MPa
oy = - \25/4 = -1.25 MPa
o’ =0.45*30 = 13.50 MPa
o = -\30/2 = -2.74 MPa
Kiém tra tai cac vi tri nguy hiém:
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Location (1):

Vitri (1):

Siopi = (2200*1.15)/0.5228+(478*1.15-526)/0.095331 = 5087 kN/m? = 5.09 MPa

CHECK: -1.25<5.09 < 15.00 = OK

Ghoti = (2200*1.15)/0.5228-(478*1.15-526)/0.054341 = 4403 kN/m* = 4.40 MPa

CHECK: -1.25<4.40< 15.00 = OK

Giop = 2200/0.5228+(478-526-112-300)/0.095331 = -617 kN/m’ = -0.62 MPa

CHECK: -2.74 < -0.62 < 13.50 = OK

Ghot = 2200/0.5228-(478-526-112-300)/0.054341 = 12673 kN/m? = 12.67 MPa

CHECK: -2.74 < 12.67 < 13.50 = OK
Location (2):

Vitri (2):

Guopi = (2200*1.15)/0.5228+(-407*1.15+322)/0.095331 = 3307 kN/m? = 3.31 MPa

CHECK: -1.25<3.31<15.00 = OK

Gboti = (2200*1.15)/0.5228-(-407*1.15+322)/0.054341 = 7526 kN/m’ = 7.53 MPa

CHECK: -1.25< 7.53<15.00 = OK
Giop = 2200/0.5228+(-407+322+69+184)/0.095331
CHECK: -2.74<5.97<13.50 = OK

= 5970 kN/m? = 5.97 MPa

Gor = 2200/0.5228-(-407+322+69+184)/0.054341 = 1116 kN/m’ = 1.12 MPa

CHECK: -2.74<1.12 < 13.50 = OK
Location (3):

Vitri (3):

Guopi = (2200%1.15)/0.5228+(624*1.15-619)/0.095331 = 5873 kN/m’ = 5.87 MPa

CHECK: -1.25<5.87 < 15.00 = OK

Gooi = (2200*1.15)/0.5228-(624*1.15-619)/0.054341 = 3024 kN/m? = 3.02 MPa

CHECK: -1.25<3.02<15.00 = OK

Grop = 2200/0.5228+(624-619-132-354)/0.095331 = -837 kN/m” = -0.84 MPa

CHECK: -2.74 < -0.84 < 13.50 = OK

Ghot = 2200/0.5228-(624-619-132-354)/0.054341 = 13060 kN/m’* = 13.06 MPa

CHECK: -2.74 < 13.06 < 13.50 = OK

The stresses calculation can be performed by
STATIK. Moment due to P/T balanced load have to be
assigned by choosing “Both part” for prestresses load
case in “calculate” menu.

Please be careful with the sign convention for stress in
STATIK, which is the opposite of the sign convention
in this example.

In STATIK, the sign “-* indicates compressive stress

and “+” indicates tensile stress.

7.11.7. Ultimate strength check
Factored internal moment in extreme loactions:

Viéc kiém tra wng suat c6 thé duogc thuc hién bang
phan mém STATIK.

7.11.7. Kiém tra vé trang thai ti han
M6 men di nhéan véi hé s tai cac vi tri nguy hiém:

1. My, = 1.4%(-526-112) + 1.6*(-300) + 1.0*359 = -1014 kNm
2. Mz = 1.4%(322+69) + 1.6*184 + 1.0*322 = 1163 KNm
3. M3 = 1.4%(-619-132) + 1.6*(-354) + 1.0*285 = -1333 kNm

The factored moments to be used as input for ultimate

Viéc kiém tra c6 thé thuc hién trong phan mém tinh
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check by computer software (e.g. FAGUS). The
moments to be input with axial load at the same time.
The axial load come from prestress load, P.
Be careful with the sign for axial force in FAGUS,
which is the opposite of the sign convention in this
example. In FAGUS, the sign “-“ means compression,
therefor, N -2000 to be input in FAGUS. For
moments, the sign which is used at this example is
also valid for FAGUS.
Ultimate check result (by FAGUS):
Ultimate strength factor at extreme locations:

1. ult. Strength factor =1.023>1 = OK

2. ult. Strength factor =1.343>1 = OK

3. ult. Strength factor =1.001 >1 = OK

7.11.8. Shear design
Factored shear force at extreme locations are:
1. Vi = 1.4 %(218+46) + 1.6*125 =

toan két cau (vi du FAGUS).

Két qua kiém tra dugc thuc hién bai FAGUS:
Ti s6 bén tai cac vi tri nguy hiém:
1.tis6 bén=1.023>1 = OK
2.tis6bén=1.343>1 = OK
3.tisé bén=1.001>1 = OK

7.11.8. Thiét ké chju cit
Luc cit d3 nhan hé sb tai cac vi tri nguy hiém:
570 kN

3. Vig = 1.4 *(-229-49) + 1.6*(-131) = -599 kN

These shear force to be input with related moments
and axial force.
The shear force at location 2 is not significant in this
case.
Required stirrup area that are read from FACUS result
at extreme loactions:

1. A, = 55.55cm?/m

Choose rebar ¢12 = area = 1.13cm?leg

= use 4 legs ¢12 @ 80mm spacing

3. Ay = 52.86cm’/m

Choose rebar ¢12 = area = 1.13cm?leg

= use 4 legs ¢12 @ 80mm spacing
At field of span use (1/2)*(used area at support),
hence, at field: 4 legs ¢12 spread along 8m @ 160mm
spacing shall be used.

Kiém tra kha ning chiu cit cdn xét dén anh huéng
cta m6 men va luc doc.
Luc cit tai vi tri 2 khong can kiém tra do gia tri
khong dang ké
Cét dai duoc tinh toan bing FAGUS, tai cac vi tri
nguy hiém:

1. A,; = 55.55cm?/m

Chon dai $12 = dién tich = 1.13cm?/leg

= su dung 4 nhanh $12 @ 80mm

3. Az = 52.86cm’/m

Chon dai $12 = dién tich = 1.13cm?/leg

= su dung 4 nhanh $12 @ 80mm
Tai vung gitra nhip, st dung dai c6 ham lugng =
50% tai cac dau gdi, s dung 4 nhanh $12 @ 80mm

Design conclusion:
pu
@

(2
I 4D26

2D26

2EcU5-11 ‘/’3\
/ N

4026 | |

Két luan:

|

Code: BS5400

/
7
.

f¢' = 30 MPa

| [4D26 2D26 5026 | |
| |
4912-80| 4012160 | 4012 -80
4m ! 8m ! 4m
16m

NOTE: Stirrups not sketched for clarity

Long. rebar: fy = 460 MPa (c6t doc)
Stirrup: fy = 250 MPa (cbt dai)
Strand: 2x1100.5" | 1860 MPa (cap)

- GHI CHU: cét dai khong duoc thé hién trong hinh
nay
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7.12. Example of punching Shear Check

Punching Shear Check to BS 8110-1985
Input Data
h =400 mm
a =800 mm
b =800 mm
d =360 mm
b, = 1800mm
fo, = 35 MPa
A, = 26782 mm’
V, = 1157 kN
M, = 600 kNm
N = 4000 kN
Ym=1.25
NOTE
fo, = cube concrete strength (= 1.2f;%)
A = equivalent steel area to f, = 460 MPa
V, = factored column reaction or concentrated
load
A = Loaded area or column size (=a*b)
b, = width for considered steel area
Stress check at column face
Condition: Ve < 0.8*Vf,, or 5MPa
Vimax = Vil (Uo*d)
U, = 2b+2a
0.8*\fy, = 4.73 MPa
U, = 3200 mm
Vmax = 1.00 MPa
Vimax = 1.00 < 4.73 and 5
shear capacity OK
Stress check at first shear perimeter
Condition:
Equation:

Equation:

Calculation:

Conclusion:

V<V

Ve = v + 0.6N/A*V, *h/IM,

where V,.h/M, not>1

ve = [0.79%(100A(b,*d))1/3*
(400/d)™**(f/25) ] ym

where 100A/(b,*d) not>3, 400/d
not<1, f,, not> 40

v =V, /(u*d)

u = 2*(a+2*1.5d)+2*(b+2*1.5d)
100A/(bv*d) = 4.13

400/d=1.11

V.*h/M, = 0.77

Calculation:

7.12. Vi du kiém tra choc thiing

Kiém tra choc thung theo BS 8110-1985
' S6 ligu dau vao

|

|

|

| 1.5d

‘ 150 |
b, b A |

| a |

i |

e é'_ __________ d

GHI CHU

fou = cuong do mau lap phuong (= 1.21.)
A, = dién tich thép quy ddi theo f, = 460 MPa
V. = phan luc chan c6t hoac luc tap trung, da
nhan hé s
A = dién chiu tai hoic dién tich cét (=a*b)
b, = chiéu rong bé tri cét thép

Kiém tra v& wng suat tai mép cot

biéu kién: Vinax < 0.8*Vfy, hoic 5MPa
Cong thic: Vimax = Vil (Uo*d)
U, = 2b+2a
Tinh toén: 0.8*Vf,, = 4.73 MPa
U, = 3200 mm
Vmax = 1.00 MPa
Két luan: Vi = 1.00 < 4.73 Va5

Pam bao kha ning chiu cdt

Kiém tra vé (rng suat tai chu vi dau tién
biéu kién:
Cong thic:

V<V

Ve’ = v + 0.6N/A*V, *h/IM,
trong do V,.h/M, <1

Ve = [0.79*(100A/(b,*d))1/3*
(400/d)™**(fu/25)*] ym

trong d6 100A¢/(b,*d) <3, 400/d
>1, f,, <40

v =V, /(u*d)

u = 2*(a+2*1.5d)+2*(b+2*1.5d)

Tinh toan: 100AJ/(bv*d) = 4.13
400/d = 1.11

V,*h/M, = 0.77
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u=7520 mm u=7520 mm
v =0.43 MPa v =0.43 MPa
V. = 1.05 MPa V. = 1.05 MPa
Ve’ =3.62 Mpa Ve’ =3.62 Mpa
Conclusion: v=0.43<v, =3.62 Két luan: v=043<Vv, =3.62
shear capacity OK Pam bao kha nang chiu cat
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