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Mat Foundations

5.5 Common Types of Mat Foundations

The mat foundation, which is sometimes referred to as a raft
foundation, 1s a combined footing that may cover the entire area under a
structure supporting several columns and walls.

Mat foundations are sometimes preferred for soils that have low load-
bearing capacities, but that will have to support high column or wall loads.
Under some conditions, spread footings would have to cover more than
half the building area, and mat foundations might be more economical.

Several types of mat foundations are used currently. Some of the
common ones are shown schematically in Figure 8.4 and include the
following:

1. Flat plate (Figure 5.4a). The mat is of uniform thickness.

2. Flat plate thickened under columns (Figure 5.4b).

3. Beams and slab (Figure 5.4c). The beams run both ways, and the
columns are located at the intersection of the beams.

4. Flat plates with pedestals (Figure 5.4d).

5. Slab with basement walls as a part of the mat (Figure 5.4e). The walls

act as stiffeners for the mat.
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Figure 5.4 Common types of mat foundations

Mats may be supported by piles, which help reduce the settlement of
structure built over highly compressible soil. Where the water table is
high, mats are often placed over piles to control buoyancy. Figure 5.5
shows the difference between the depth D, and the width B of isolated

foundations and mat foundations. Figure 5.6 shows a flat-plate mat

foundation under construction.

-_-T*'-
7

i ,
_I Figure 5.5 Comparison of isolated foundation and mat
| B " foundation (B = width, D, = depth)
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Figure S .6 A fNat plate mat foundation under construction (Courtesy of Dharma Shakya,
Geotechnical Solutions, Inc., Irvine, California)

5.6 Bearing Capacity of Mat Foundations

The gross ultimate bearing capacity of a mat foundation can be

determined by the same equation used for shallow foundations, or
9u = C'J\,(F(xFran + ququFnﬂFqc + %YBNyfthrle

The term B in Eq. above is the smallest dimension of the mat. The net

ultimate capacity of a mat foundation is

Qoetlw) = 9u — 4

A suitable factor of safety should be used to calculate the net allowable
bearing capacity. For mats on clay, the factor of safety should not be less

than 3 under dead load or maximum live load. However, under the most

extreme conditions, the factor of safety should be at least 1.75 to 2. For



Chapter Five SHALLOW FOUNDATIONS

mats constructed over sand, a factor of safety of 3 should normally be
used. Under most working conditions, the factor of safety against bearing
capacity failure of mats on sand is very large.

For saturated clays with ¢= 0 and a vertical loading condition, Eq.

above gives

qu = “x/\"rFuE'd + q 5.10
where ¢, = undrained cohesion. (Note: N, = 5.14, N, = l,and N, = 0.)
From Table 3.3 for¢d = 0.
B(N, B\[ 1 0.195B
O R o
L\N,, L/\5.14 L

and
(l),)
Fu=1+04(=
od B

Substitution of the preceding shape and depth factors into Eq. above yields

0.1958 Dy
Gu=5.14¢,| | + I 15 0.4; +gq (5.1D

Hence, the net ultimate bearing capacity is

0.1958 Dy
Gonetlw) = Gu — 4 = 5.14¢,| 1 + L 1 + 04; (5.12)

For FS = 3, the net allowable soil bearing capacity becomes

Gutnet) " 0.195B _ D,
Goctam) = =1713¢,| 1 + : 1*0.4; (5.13)

e The net allowable bearing capacity for mats constructed over
granular soil deposits can be adequately determined from the

standard penetration resistance numbers. For shallow foundations,
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. Ng (B+ 03\ (S,
Goe KN/M?) = —= (—) r,(—)
008\ B 25,

where

Ny = standard penetration resistance
B = width (m)
Fy=1+033(D/B) = 1.33

S, = settlement, (mm)

When the width B is large, the preceding equation can be approximated as

_ » _ Neo S,
o KN/M°) = 0_.08 F, g

Neso D;) S.(mm)
=—1+033|—]| || — 8.
0.08[l ( (B 25 oy

e Generally, shallow foundations are designed for a maximum
settlement of 25 mm (1 in.) and a differential settlement of about 19
mm (0.75 mn.).

e However, the width of the raft foundations are larger than those of the
isolated spread footings. The depth of significant stress increase in the
soil below a foundation depends on the width of the foundation. Hence,
for a raft foundation, the depth of the zone of influence is likely to be
much larger than that of a spread footing. Thus, the loose soil pockets
under a raft may be more evenly distributed, resulting in a smaller
differential settlement. Accordingly, the customary assumption is that,
for a maximum raft settlement of 50 mm (2 in.), the differential
settlement would be 19 mm (0.75 in.). Using this logic and
conservatively assuming that F; = 1, we can respectively approximate

Eqgs. above as
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Gocatt) = GneKN/mM?) = 25N, (5.16a)
and
Gocstat) = Gocr(Kip/ft’) = 0.5Neo (5.16b)
The net pressure applied on a foundation (see Figure 8.7) may be expressed as
q=%_‘YDj 15.17)
where

Q = dead weight of the structure and the live load
A = area of the raft

In all cases, g should be less than or equal to allowable guean)-

B

'D,' Unit weight = y

Q

+

Figure 8.7 Definition of net pressure on soil caused by a mat foundation

Example S.1

Determine the net ultimate bearing capacity of a mat foundation measuring 20 m X 8 m
on a saturated clay with ¢, = 85 kN/m?, ¢ = 0, and Dy=1.5m.

Solution
From Eq. (8.12),

=5.14¢ 1 + (0"958) 1 +04 2
Gnetlu) = - " L “B
0.195 X 8 04X1.5
= (5.l4)(85)[l + (T)][l ar (T)]

= 506.3 kN/m* =
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Exainple 5.2

What will be the net allowable bearing capacity of a mat foundation with dimensions
of IS m X 10 m constructed over a sand deposit? Here, D; = 2 m, the allowable set-
tlement is 25 mm, and the corrected average penetration number Ny, = 10.

Solution
Dy Se Se
Fnes(at) = 11.98N(,(,[1 + 033(—,;)}(;73) % ‘5-93N«l(25>
or
033 X2 |[25 2 o
2 T = .7 kN m
Gnet(all) = (1196)(10)[1 s 10 ](25) 2 /

5.6 Compensated Foundation

e Figure 5.7 and Eq. (5.17) indicate that the net pressure increase in the
soil under a mat foundation can be reduced by increasing the depth
Dy of the mat. This approach is generally referred to as the
compensated foundation design and i1s extremely useful when
structures are to be built on very soft clays.

¢ In this design, a deeper basement is made below the higher portion of
the superstructure, so that the net pressure increase in soil at any
depth is relatively uniform. (See Figure 5.8.) From Eq. (5.17) and

Ficure 5.7. the net average aoplied pressure on soil 1s
0

q=——vyD,
A
For no increase in the net pressure on soil below a mat foundation, g should be zero. Thus,

_0
Ay

D, (5.21)

This relation for Dy is usually referred to as the depth of a fully compensated foundation.
The factor of safety against bearing capacity failure for partially compensated foun-
dations (i.e., D; < Q/Ay) may be given as
_ Ynew) Docs(u)

FS = = (522)

q Y
": - ‘)’Dl-

where 2_ . . = net ultimate bearine canacitv.
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Figure 5.8 Compensated
foundation
e For saturated clays, the factor of safety against bearing capacity

failure can thus be obtained by substituting Eq. (5.12) into Eq. (5.22):

5|4c.(|+0"958 |+04D’

. : L “B
e_.p

R

(5.23)

Example 5.3

The mat shown in Figure 8.7 has dimensions of 20 m X 30 m. The total dead and live
load on the mat is 110 MN. The mat is placed over a saturated clay having a unit weight of
18 kN/m* and ¢, = 140 kN/m’. Given that D, = 1.5 m, determine the factor of safety
against bearing capacity failure.

Solution
From Eq. (8.23), the factor of safety

0.195B Dy

- + +04 —

Fs_suc,(l = )(1 0.4 B)
2_.p

A VT

We are given that ¢, = 140kN/m’, D;=15m, B=20m, L=30m, and y=

18 kN/m*. Hence,
(5.14)(140)[1 + w][n + 0.4(2)]
30 20

FS = = 5.36
(no.ooom

20 X 30 ) =),
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Example 5.4

Consider a mat foundation 30 m X 40 m in plan, as shown in Figure 8.9. The total dead
load and live load on the raft is 200 X 10* kN. Estimate the consolidation settlement at
the center of the foundation.

Solution
From Eq. (2.65)

CH: (or,', - Aor;,,)

Sdp, = T log

o

Sand
2 m_‘i y = 15.72 kN/m*
1.67m

y Groundwater table

1333 m

- i Figure 8.9 Consolidation
e i A e e
Sand foundation

o, = (3.67)(15.72) + (13.33)(19.1 — 9.81) + §(18.55 — 9.81) = 208 kN/m?

H.=6m
C.=0.28
e, =09

For Q = 200 X 10° kN, the net load per unit area is

_9 _ 200 x 10° ,
q=—— Y= 20 ~ (1572(2) =~ 1352 kN/m

In order to calculate Ao, we refer to Section 6.8. The loaded area can be di-
vided into four areas, each measuring 15 m X 20 m. Now using Eq. (6.23), we can

calculate the average stress increase in the clay layer below the corner of each rec-
tangular area, or
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Hol iy — Hlla(ll.b]

Ao ngny = ‘lo[ H, — H,

_ ceo ,,[( 1.67 + 13.33 + 6)ymy — (1.67 + 13.33)1.(,,0]

6
For Lo,
B 15
™16+ 1333+6 0
2
n,=£-=-‘£=0.95
° H, 21

_B_I15_,
T T s
2
nz=£-—£= 1.33
H, 15

From Figure 6.11, I, = 0.225, so
(21)(0.21) — (15)(0.225)
6

So. the stress increase below the center of the 30 m X 40 m area is (4)(23.32) =
93.28 kN/m?. Thus

AL ise g = 1352 ] = 23.32 kN/m?

(0.28)(6)) (208 + 93.28
_ _ ‘)
p) 1+09 ( 208 ) 0.142m
= 142 mm -
Example 5.5 '
dimensions of 30 m X 40 m. The live load s

Refer to Figure 4.6. The mat has is pl
dead load on the mat are 200 MN. Thti o :jsg
unit weight of the clay is 18.75 kN/m". Hind.=s
tion.

aced over a layer of soft clay y,
for a fully compensated foup dig

Solution
From Eq. (4.15),
200 X 10°kN

Dy = L o
T~ Ay (30 X 40)(18.75)
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5.7 Structural Design of Mat Foundations
The structural design of mat foundations can be carried out by two
conventional methods:
e the conventional rigid method and the approximate flexible method.
Finite-difference and finite-element methods can also be used, but this

section covers only the basic concepts of the first design method.
5.7.1 Conventional Rigid Method

The conventional rigid method of mat foundation design can be
explained step by step with reference to Figure 8.10:
Step 1. Figure 8.10a shows mat dimensions of L X B and column loads of Q,, Q,,
Oss ... Calculate the total column load as
Q=+ +Q:+ - (8.24)

Step 2. Determine the pressure on the soil, ¢, below the mat atpoints A, B, C, D, ...,
by using the equation

Q0 Mx My (8.25
=—*% =+ — 25)
TTATL T
where
A=BL
I, = (1/12)BL? = moment of inertia about the x-axis
I, = (1/12)LB* = moment of inertia about the y-axis

M_ = moment of the column loads about the x-axis = Qe,

X

M_, = moment of the column loads about the y-axis = Qe,

y

The load eccentricities, ¢, and e,, in the x and y directions can be
determined by using (x’, y*) coordinates:

, O+ 0+ 0y + -
" =

. (8.26)
0
and
B
&=x -3 (8.27)
Similarly,
v + Qays + Ozyz + -
y = SN T C0 7 Gos (8.28)
Q
and
L
e, =y —— (8.29)
’ 2
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Figure 8.10 Conventional rigid mat foundation design
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Step 3.
Step 4.

Step 5.

Compare the values of the soil pressures determined in Step 2 with the net
allowable soil pressure to determine whether ¢ = Guyn)-

Divide the mat into several strips in the x and y directions. (See
Figure 8.10). Let the width of any strip be B,.

Draw the shear, V, and the moment, M, diagrams for each individual strip
(in the x and y directions). For example, the average soil pressure of the
bottom strip in the x direction of Figure 8.10a is

- q t qf
9 = =5

(8.30)

where g, and g, = soil pressures at points / and F, as determined from Step 2.

The total soil reaction is equal to g, B,B. Now obtain the total column
load on the strip as Q, + Q, + Q; + Q,. The sum of the column loads on
the strip will not equal g, B,B, because the shear between the adjacent strips
has not been taken into account. For this reason, the soil reaction and the
column loads need to be adjusted, or

Averags load = q.B,\B + (0, ':Qz + Q5+ Q) 8.31)
Now, the modified average soil reaction becomes
average load
Gavimodified) — qﬂ(%‘T) (8.32)
and the column load modification factor is
F average load 8.33)

=Q|+Q2+Q3+Q4

So the modified column loads are FQ,, FQ,, FQ;, and FQ;. This

modified loading on the strip under consideration is shown in Figure 8.10b.

The

shear and the moment diagram for this strip can now be drawn, and the

procedure is repeated in the x and y directions for all strips.
Step 6. Determine the effective depth d of the mat by checking for diagonal
tension shear near various columns. For the critical section,

Vv.=U (8.34)

where

U = factored column load according to ACI Code 318-11 (2011)
V. = shear capacity at the column location

According to ACI Code 318-11 (Section 11.11.2.1) for non-
prestressed slabs and footings, V_ shall be the smallest of (8.35a), (8.35b),
and (8.35¢). In US customary units, the equations are

V.= (2 - %)A\/fbod (8.35a)
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V.= (7 + —)A\/f_ bod (8.35b)

V. =4V byd (8.35¢)
where

B = ratio of long side to short side of the column

= 40 for interior columns
= 30 for edge columns
= 20 for comer columns

by = perimeter of the critical section for shear

f¢ = compressive strength of concrete at 28 days (psi)

A = modification factor reflecting the reduced mechanical properties of
lightweight concrete, all relative to normal weight concrete of the
same compressive strength

d = effective depth of the mat

The expression for by in terms of d, which depends on the location of
the column with respect to the plan of the mat, can be obtained from
Figure 8.10c.

In SI units, the equations for V, are

"

V.= l(l - :)A\/fbod (8.35d)
1

V.= E(’ - —)A Fbyd (8.35¢)
L

Ve=3A Vb (8.35f)

Step 7. From the moment diagrams of all strips in one direction (x or y),
obtain the maximum positive and negative moments per unit width (i.e.,
M, = M/B,). Since factored column loads are used in accordance with
ACI Code 318-11 (see Step 6), M, is the factored moment.

Step 8. Determine the area of steel per unit width for positive and negative rein-
forcement in the x and y directions. We have

M, = ¢A‘t_".(d - %) (8.36)
and
A,
4T 085D 8.37)
where

A, = area of steel per unit width

fy = yield stress of reinforcement in tension
M, = factored moment

& = 0.9 = reduction factor
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Example 5.6

The plan of a mat foundation is shown in Figure 8.14. Calculate the soil pressure at
points A, B, C, D, E, and F. (Note: All column sections are planned to be 0.5 m X 0.5 m.)
All loads shown are factored loads according to ACI 381-11 (2011).

Solution
R Q M."x e M,)‘
Eq. (8.25).q—A ==

A = (20.5)(27.5) = 563.75 m*

1= ém) = l—'2(20.5)(27.5)3 = 35528 m*

1 1
L= ELBJ = 6(27.5)(20.5)J = 19,743 m*

Q =470 + (2)(550) + 600 + (2)(660) + (2)(1600) + (4)(2000) = 14,690 kN

My=Q(,; ¢,=.\"-E

c=2utomwtomt -

(10.25)(660 + 2000 + 2000 + 660)
+ (20.25)(470 + 1600 + 1600 + 600) | = 9.686 m

14,690
+ (0.25)(550 + 2000 + 2000 + 550)
, B
e, =x"— 5 =9686 — 1025 = —0.565m = —0.57m
)-' “-
A
A G ‘B 1 c
- i - i . - 025m
550 kN | 1660 kN | 600 kN
| ! |
] : |
: | : 9m
1 ! |
| ! |
| ! |
i : i
il 2000kN | ‘moow ' okNll
525m | ' 10m | S$25m
N | i 9m
| ! |
! I Lo N
| |
| |
| |
] |
| | O | +
2000kN | 2000 kN | 1600kN
i i
| |
: : 9m
| |
| |
| |
550 kN | 660 kN 1 470kN
| H || : L 025m .
F H E J D ’
}- 10m =l|— 10m —{

025m 0.25m
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Hence, the resultant line of action is located to the left of the center of the mat. So
M, = (14,690)(0.57) = 8373 kN-m. Similarly

, L
M,=Q¢,: €=y —5

QnP+Qn?+QﬂS+'“

(0.25)(550 + 660 + 470) + (9.25)(2000 + 2000 + 1600)
46 +(18.25)(2000 + 2000 + 1600) + (27.25)(550 + 660 + 600)

= 13.86m

L
=y —5= 1386 — 13.75=0.11m

y
{
A G 'B ! C J_
' .' v __025m
SSOKN | I660KN | 600KN
1 : |
1 i I
1 i 1 9m
| : |
1 ; I
| |
2000 kN, -’OOOLN neokNll
525m ! y i lom ' 525
1 -—"4—057m| m O9m
y o 0llm! )
M (S —— Jor———— - - X
1 I
| ]
| |
[ ' O ' +
2000 kN : 2000 kN : 1600 kN
1 ]
| I
| ] 9m
1 ]
| I
550 kN : 660 kN : 470 kN
1 . s 0.25m X
F H E J D
— | 10m ] 10m | |=—
0.25m 025 m Figure 8.15

The location of the line of action of the resultant column loads is shown in Figure 8.15.
M, = (14,690)(0.11) = 1616 kN-m. So

14,690 _ 8373x _ 1616y
563. 75 19743 ~ 35,528

q= = 26.0 = 0.42x = 0.05y (kN/m?)

Therefore,

AtA: g = 26 + (0.42)(10.25) + (0.05)(13.75) = 31.0 kN/m*
At B: g = 26 + (0.42)(0) + (0.05)(13.75) = 26.68 kN/m?
At C: g = 26 — (0.42)(10.25) + (0.05)(13.75) = 22.38 kN/m’
AtD: g = 26 — (0.42)(10.25) — (0.05)(13.75) = 21.0 kN/m?

AtE: g = 26 + (0.42)(0) — (0.05)(13.75) = 25.31 kN/m’
At F: g = 26 + (0.42)(10.25) — (0.05)(13.75) = 29.61 kN/m’
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Example S.7

Divide the mat shown in Figure 8.14 into three strips, such as AGHF (B, = 5.25 m),
GIJH (B, = 10 m), and ICDJ (B, = 5.25 m). Use the result of Example 8.7, and
determine the reinforcement requirements in the y direction. Here, f/ = 20.7 MN/m?,
f, = 413.7 MN/m’. Note: All column loads are factored loads.

Solution
Determination of Shear and Moment Diagrams for Strips:
Strip AGHF:
+ 29.
Average soil pressure = ¢,, = G + Gun = w = 30.305 kN/m?

Total soil reaction = g, B,L = (30.305) (5.25) (27.5) = 4375 kN

load due to soil reaction + column loads
2

Average load =

_ 4375 + 5100
2

= 4737.5kN

So, modified average soil pressure,

47375 47375 5
Gav(modified) = q'( 2375 ) = (30.305)( 2375 ) = 32.81 kN/m

The column loads can be modified in a similar manner by multiplying factor

47315
F= =0

Figure 8.16 shows the loading on the strip and corresponding shear and moment
diagrams. Note that the column loads shown in this figure have been multiplied by

= 0.929

S11KN 1858 kN 1858 kN S11 KN
025m 025m
- 9m 9m 9m —
CIITITTITTT],
172.25 kN/m
hos2.31 7569 46794
s /\ / /\
4 {7 Shear (kN)
I/ ‘/ .06
46794 - .

1082.31

2770.53 2770538 21

$.38
5 M v PO

N\ \_ e

630.08 630.08 strip AGHF
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F = 0.929. Also the load per unit length of the beam is equal to B,g, modificsy =
(5.25)(32.81) = 172.25 kN/m.
Strip GIJH: In a similar manner,

_ Yam + Gup) _ 26.68 + 25.31
L 2 - 2

Total soil reaction = (26)(10)(27.5) = 7150 kN
Total column load = 5320 kN

= 26.0 kN/m®

Average load = "llSOzﬂ = 6235kN
6235
- o = (26)| —— | = 22.67kN/m*
6235
=520 MV

The load, shear, and moment diagrams are shown in Figure 8.17.
Strip ICDJ: Figure 8.18 shows the load, shear, and moment diagrams for this strip.

772kN 2340 kN 2340 kN 772kN
025m 025m
o 9m 9m 9m fo—
B E
226.7 kN/m
1325
1015 71533

56.67 / A
I/ / 56.67

715.33
1015 990.17
2756 2756
7.08 4723 "
A\/ A Moment (kN-m)
1119.56 11719.56

Figure 8.17 Load, shear, and moment diagrams for strip GIJH
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519.6 kN 1385.6 kN 1385.6 kN 407 kN
0.25m 0.25m
o 9m 9m 9m —
C D
134.55 kN/m
725 550.35

/I / 375.7

33.63

A /]VShcar (kN)
I/ I/ 313

485.96

660.6
835.25
1080.91
586.06
42 /\
FaN Moment (kKN-m)
\/ ’° o
539.4 e See note below
872.95 200328 2003

Figure 8.18 Load, shear, and moment diagrams for strip JCDJ

*#Note: In view of the assumption of uniform soil reaction to non-symmetric loading. there is a discrepancy
in the moment values at the right column. As a result, the moment diagram will not “close™. This is ignored
since it is not the governing design moment

Determination of the Thickness of the Mat
For this problem, the critical section for diagonal tension shear will be at the
column carrying 2000 kN of load at the edge of the mat [Figure 8.19]. So

U =2000kN = 2 MN

b°=(0.5+§)+(0.5+g)+(0.5+d)=l.5+2d

Equations (8.34), (8.35d), (8.35¢), and (8.35f) are used to calculate the effective
depth, d, given that: f/ = 20.7MN/m* A = 1 (normal weight concrete); B = 1 (square
columns); and a, = 30(edgecolumn). Note that the maximum value of d is selected
as the design value and it corresponds to the minimum value of V, obtained from
equations (8.35d), (8.35¢), and (8.35f).

V.= %( 1+ %)A\/f bod (8.35d)
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2000 kN
Column load
- R L F
Edge E
of mat :
r |
;o.s +d
______________ _E X
05+ 4 f - :
- Figure 8.19 Critical perimeter column
1 2
= Z(l -+ T)(l)\/20.7(l.5 + 2d)(d)
2d* + 1.5d — 0.8793 = 0
So,d = 0.387 m.
1 ad
V.=—|2+ — AV byd 8.35¢
- 12( o ) Vb, (8.35¢)
1 (30)(d)
2==—|2 + —(1)V20.7(1.5 +
12( 1.5+ 2(4))( ) : 2
34d* +3d —5275=0
So,d = 0.352 m.
V.= %A\/f’j bod (8.35f)
|
2= g(l)VZOJ(l.S + 2d)(d)
2d* + 1.5d — 1.318 =0
So,d =0519m.

Therefore, the design mat thickness, d = 0.519 m (= 20.5 in.)

Assuming a minimum cover of 76 mm over the steel reinforcement and also assuming
that the steel bars to be used are 25 mm in diameter, the total thickness of the slab is

h=0.52 + 0.076 + 0.0125 = 0.609 m = 0.61 m
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The thickness of this mat will satisfy the wide beam shear condition across the three
strips under consideration.

Determination of Reinforcement
From the moment diagram shown in Figures 8.16, 8.17, and 8.18, it can be seen that the
maximum positive moment is located in strip AGHF, and its magnitude is

2771 2171
M, = === 535 = SY78 KN-mm

Similarly, the maximum negative moment is located in strip JCDJ and its magnitude is

M, = —— = —— = 381.52 kN-m/m
25

From Eq. (8.36), M, = ¢AJ,(¢1 - %)

For the positive moment,
M, = 527.8 = (6)(A,) (413.7 X 1000) (0.61 — %)

& = 0.9. Also, from Eq. (8.37),

AL, (A)@13)
T 0.85/b  (0.85)(20.7)(1)

a = 2351A0r A, = 0.0425a

527.8 = (0.9) (0.04250)(4]3.700)(0.61 - ;—):ora = (0.0573 m

So, A, = (0.0425)(0.0573) = 0.002435 m*m = 2435 mm*/m.

Use 25-mm diameter bars at 200 mm center-to-center:

) 1000 2
A, provided = (491) 200 = 2455mm~/m

Similarly, for negative reinforcement,

M, = 381.52 = ($)(A4,)(413.7 X l000)(0.6l ~ %)

é =09, A, = 0.0425a
So

381.52 = (0.9)(0.0425a) (413.7 X 1000)(0.61 = %): ora = 0.0409 m

So, A, = (0.0409)(0.0425) = 0.001738 m*m = 1738 mm*/m.
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N A
N N

Top steel Bottom steel | Topsteel

Additional top steel
in strip ICDJ

Figure 8.20 General arrangement of reinforcement
Use 25-mm diameter bars at 255 mm center-to-center:

[A, provided = 1925 mm’]

Because negative moment occurs at midbay of strip /CDJ, reinforcement should be
provided. This moment is

M -539'4—10274kNm/
“T 525 - m

Hence,

M, = 102.74 = (0.9)(0.0425a)(413.7 X 1000)(0.61 - %);
ora = 0.0107 m, and
A, = (0.0107) (0.0425) = 0.0004547 m*/m = 455 mm*/m

Provide 16-mm diameter bars at 400 mm center-to-center:
[A;provided = 502 mm’]

For general arrangement of the reinforcement, see Figure 8.20. B



