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User Authentication in an Internet Protocol

Parinya Thamthawornsakul

Suvepon Sittichivapak

Department of Telecommunication Engineering, King Mongkut’s Institute of Technology Ladkrabang

Abstract

This paper presents an enhancement of IP (Internet Protocol) standard to support user authentication
within the protocol itself. The options field in an IP header is used for carrying specific data to add the ability of
self-authentication. The specific data consist of a user identifier, a timestamp, and an HMAC calculated with
important data in the IP header. The major purpose is to verify a device owner or a computer user in a local
network in real time, before allowing access to restricted networks or the Internet. By this enhancement, users
can be authenticated at IP layer, without needing an additional user authentication process. The self-
authentication ability provides a prevention of sending source-spoofed IP packet and also provides a high
reliability of identifying the user. In addition, this ability does not require a creation of specific connection and

an exchange of security parameters.

Keywords: IP Options, Self-Authentication, HMAC, Source Address Spoofing, Network Access Control

1. Introduction

Nowadays, Internet almost become a basic
requirement of daily life. A lot of devices online on
the Internet. Regarding computer network security,
identifying a device owner or a computer user is an
important thing. In order to control accessing the
Internet, a NAC (Network Access Controller) is used
to meet this demand. On an IP network, the NAC
provides a function of source address filtering. IP
packets with a source address of an authorized device
are allowed to access the Internet. Therefore prior to
such authorization, the device owner or the computer
user has to pass the authentication process first,
which is done by submitting user credentials such as
a username and a password.

Although NAC is a useful tool for
identifying the user before accessing restricted
networks or the Internet, but its common function is
susceptible to a technique of sending a source-
spoofed IP packet. This technique helps an
unauthenticated user easily access restricted networks
or the Internet, without passing any user
authentication process.

The aforementioned problem encourages an
enhancement of IP standard. A self-authentication
ability is added to the protocol. It involves a use of
undefined IP options, and an application of HMAC
(Keyed-Hash Message Authentication Code) and
timestamp. The benefits of this enhancement are user
authentication can be performed at IP layer without
needing an additional user authentication process,
sending a source-spoofed IP packet can be prevented,
and reliability of identifying the user is increased.

2. Literature Review
2.1. Source Address Spoofing
In term of computer network security, the
creation of IP packet with a forged source address for

concealing the sender identity, is called source
address spoofing. Due to the IP standard has not
designed for providing data origin authentication and
data integrity verification, a source-spoofed IP packet
travelling on an IP network cannot be detected and
protected. It may cause damage to various services on
the network. Most importantly, source address
spoofing is a problem without an easy solution [1].

Traditional NAC such as Captive Portal [2]
still use the source address filtering function to
control accessing restricted networks. An access
controller monitors and filters only IP standard
packet. That means NAC will consider the source-
spoofed IP packet as a normal IP packet. Both of IP
packets are finally allowed to access the restricted
networks.

The source address spoofing issue may be
mitigated by using a communication tunnel. In this
scenario, tunnel is a transport protocol for carrying
the regular protocol. The tunnel is designed for
providing data origin authentication and data integrity
verification. These interesting functions make more
reliable communication at the IP layer.

2.2. Data Origin Authentication and Data

Integrity Verification

In term of reliable data communication,
transferring information with security awareness is
significance. Data origin authentication and data
integrity verification must be fully applied on the
tunneling protocol.

Data origin authentication is an important
property. It makes the receiving party can verify the
source of data and ensure that the IP packet originate
from an expected sender. Hence, the source-spoofed
packet can be detected and protected. Data integrity
verification is an important one that makes sure about
IP packet has not been modified during transmission.
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It is the assurance of accuracy and the consistency of
data in the IP packet.

There are several tunneling protocols used in
computer network security. Most commonly used
tunneling protocol supporting both data origin
authentication and data integrity verification is an
IPsec (Internet Protocol Security) [3], in a
functionality of AH (Authentication Header) [4].
However, the IPsec requires an extended user
authentication process before establishing the tunnel,
there is a session that need to maintain. This can be
viewed as a complex mechanism. To suppress the
complexity, data origin authentication and data
integrity verification provided on the communication
tunnel should be performed without maintaining any
session or state.

2.3. Stateless Authentication Mechanism

In network access control system with user
session, a period of data communication depends on
such user session. If the user session expires, the
communication will stop and require re-
authentication process to continue. In the other hand,
the stateless authentication mechanism does not has a
session manipulation. An agent program installed on
a device or a computer attaches sufficient user
credentials to the IP packet, which is used to
authenticate the device owner or computer user on
the NAC. The mechanism may be called self-
authentication.

To create user credentials for stateless
authentication, HMAC [5] is commonly used to do
this. HMAC is a mechanism for message
authentication. It can be used with any iterative
cryptographic hash function, in a combination of
message (data) and secret key. The HMAC definition
is described in equation 1.

HMAC(K,m) = H((K @opad)||H((K @ipad)||m)) (1)

In the equation, H is a cryptographic hash
function, K is a secret key, m is the message to be
authenticated, || represents concatenation, @ is an
exclusive or (XOR) digital logic gate, opad is an
outer padding, and ipad is an inner padding. The
order of HMAC calculation is illustrated in figure 1.

Padding Preparation

Key XOR Key
Key @ ipad Key @ opad

HMAC Calculation

[ Key @ ipad I Message ] Hash
[ 1st Hashing Result ]
[ Key @ opad I 1st Hashing Result ] Hash
| 2 Hashing (HMAC) |

Figure 1 HMAC calculation

The iterative hash function breaks up a
message into blocks of a fixed size and iterates over
them with a one-way compression function. The
strength of the HMAC depends on the strength of
underlying cryptographic hash functions such as a
SHA-1 (Secure Hash Algorithm) [6], the size of its
output, and the quality of the secret key.

Using the HMAC for stateless authentication
mechanism may not secure enough. The mechanism
is susceptible to a replay attack [7]. By this attack, an
attacker is able to duplicate the IP packet with user
credentials of an authenticated user, transmit the IP
packet to the same network. To reduce the possibility
of the replay attack, timestamp is required.

The sender and the receiver use HMAC with
timestamp to guarantee that the data is not corrupted
or the data has not been modified during
transmission. The timestamp is often used with some
threshold to ensure that particular IP packet cannot be
used more than once. An example case has been
described in [8]. About replay attack mitigation, if the
threshold of timestamp (acceptable time lag) is small,
the replay attack is almost impossible.

2.4. Internet Protocol Options

IP options is one of fields in the IP header
[91 which may be required for some data
communication environments. The IP options field is
variable in length. There are two option formats
defined in the IP standard; a single octet of option-
type, and multiple octets of option-type. The single
octet of option-type indicates the end of the IP
options list or it may be used between IP options, to
align the beginning of a subsequent option on a 32-bit
boundary. The multiple octets of option-type can be
divided into three parts as shown in figure 2.

BIT
©12345670123456701234567012345617

Option-Type Option-Length Option-Data (variable)

1 is Copied Flag (use 1 bit)
2 is Option Class (use 2 bits)
3 is Option Number (use 5 bits)

Figure 2 Multiple octets of option-type format

Regarding the figure 2, the option-type octet
is viewed as having three parts; 1 bit for copied flag,
2 bits for option class, and 5 bits for option number.
The copied flag indicates that this option is copied
into all fragment IP packets on fragmentation, the
option is not copied when using a value 0, and the
option is copied when using a value 1. The option
class indicates the general category into which the
option belongs, there are only four option classes;
class 0 for control, class 2 for debugging and
measurement, class 1 and class 3 are reserved for
future use. The option number specifies the kind of
option, there are both defined option numbers in the
IP standard and undefined numbers. The option-
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length octet indicates how many octets are used in
each option. It counts the option-type octet, the
option-length octet as well as the option-data octets.
The last option-data octets contain the actual data of
its option.

3. Implementation of User Authentication in
an Internet Protocol
3.1. IP Options Design for Self-Authentication
In the design about the new IP options for
self-authentication ability, reserved option classes
and undefined option numbers are used. Three new
IP options are attached to the IP header. The first
option is a user identifier, it is used as an index for
finding the corresponding secret key. The next option
is a timestamp, it is used in replay attack mitigation.
The last option is an HMAC, it is used for data
integrity verification of the IP packet itself. The new
IP options can be illustrated in figure 3.

BIT
1234567012345670123456701234567

Version| IHL |Type of Service Total Length

Identification Flags Fragment Offset

Time to Live Protocol Header Checksum
Source Address

Destination Address

UID (@x7A) Length = 8 UID Data (octet: 1 to 2)
UID Data (octet: 3 to 6)
T5 (8x7B) Length = 18 T5 Data (octet: 1 to 2)

TS Data (octet: 3 to 6)

TS Data (Byte: 7 to B) HMAC (@x7C) Length = 22

HMAC Data (octet: 1 to 4)

HMAC Data (octet: 5 to B)

HMAC Data (octet: 9 to 12)

HMAC Data (octet: 13 to 16)

HMAC Data (octet: 17 to 20)

Figure 3 IP header with self-authentication options

In IP options format, the user identifier
option (UID) is defined as a hexadecimal number
0x7A in option-type octet, that is 01111010 in binary
number, so that this option is not copied to all
fragments on fragmentation (0 value of the first bit), a
reserved option class 3 (11) is used for this option,
and a number 26 (11010) is assigned for this option
number. The total length in octet of this option is 8,
including 1 octet of option-type, 1 octet of option-
length, and 6 octets of the user identifier data. NAC
will use this option to find the corresponding secret
key for generating the HMAC.

The timestamp option (TS) is defined as a
hexadecimal number 0x7B in option-type octet, that
is 01111011 in binary number, so that this option is
not copied to all fragments on fragmentation, it is in

the reserved option class 3, and a number 27 (11011)
is assigned for this option number. The total length of
this option is 10, including 1 octet of option-type, 1
octet of option-length, and 8 octets of the timestamp
data which is a hexadecimal number converted from
an integer number of the UNIX timestamp. The
timestamp is used to compare with the timestamp of
the NAC for replay attack mitigation purpose.

The last HMAC option is defined as a
hexadecimal number 0x7C in option-type octet. It has
the same properties as the previous two options, and a
number 28 (11100) is assigned for this option
number. The total length of this option is 22,
including 1 octet of option-type, 1 octet of option-
length, and 20 octets of HMAC data calculated with
the SHA-1 hash function (160 bits of output).

In HMAC calculation, the Identification
data, the Source Address data, the Destination
Address data in the IP header, the timestamp data in
the timestamp option, and the secret key
corresponding to the user identifier option, are
concatenated and used as an input message of the
hash function. The procedure of HMAC calculation
can be written in the following pseudo code.

def gen_icv(packet_in, ts_in, key_in):
icv = hmac.new(key_in, ’, hashlib.shal)
icv.update(str(packet_in[IP].id))
icv.update(str(packet_in[IP].src))
icv.update(str(packet_in[1P].dst))
icv.update(hex(ts_in)[2:])
return icv.digest()

The input message that is wused for
calculating the HMAC contains both of persistent
data and dynamic data. The packet_in[IP].id
represents data in the Identification field, the
packet_in[IP].src represents data in the Source
Address field, the packet_in[IP].dst represents data
in the Destination Address field, the ts_in represents
the timestamp data in form of hexadecimal number,
and the key _in represents the HMAC secret key.

In addition, the self-authentication options
might be adapted to use with IPv6 (Internet Protocol
version 6). The options format look like the format
used on IP (version 4). But there are some differences
about the option-type octet and the IPv6 header that
is used for carrying the self-authentication options.
For option-type octet, the format is changed but it
still can be defined within 1 octet of option-type, by
following the IPv6 standard [10] in part of Type-
Length-Value (TLV) encoding. About IPv6 header,
there is no IP options field in the header. Hence, self-
authentication options will be carried by one of IPv6
extension headers called Hop-by-Hop options header.
It carries optional information that must be examined
by every node along a delivery path of IPv6 packet.
The options header is identified by a Next Header
value of 0 in the IPv6 header. The design of self-
authentication options for IPv6 can be illustrated in
figure 4.
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BIT
8123456709123 4567080123456701234567
Version| Traffic Class Flow Label

Payload Length Next Header Hop Limit

Source Address (octet: 1 to 4)
Source Address (octet: 5 to B)
Source Address (octet: 9 to 12)

Source Address (octet: 13 to 16)
Destination Address (octet: 1 to 4)
Destination Address (octet: 5 to B)
Destination Address (octet: 9 to 12)

Destination Address (octet: 13 to 16)

Next Header |Ext. HDR Length| UID Option Length = 8
UID Data (octet: 1 to 4)
UID Data (octet: 5 to 6) TS Option Length = 10

TS Data (octet: 1 to 4)
TS Data (octet: 5 to 8)

HMAC Option Length = 22 HMAC Data (octet: 1 to 2)

HMAC Data (octet: 3 to 6)

HMAC Data (octet: 7 to 1)

HMAC Data (octet: 11 to 14)
HMAC Data (octet: 15 to 18B)

HMAC Data (octet: 19 to 2@) Padding

Padding

Figure 4 IPv6 header with self-authentication options

3.2. Data Flow and Operations

The Linux operating system is used in this
enhancement. In order to control the flow of IP
packet and manipulate the IP header, using a netfilter
framework and a Scapy [11] program is the right
solution. The netfilter framework is used to provide
IP traffic control on the host. The POSTROUTING
chain mangle table of the framework is mainly used
to do mangling on IP packets. In the operation, the IP
packets are redirected from kernel space to user space
at this point (chain and table), by using the
NFQUEUE (the Netfilter Queue). Scapy is a
powerful interactive IP packet manipulation program
written in Python. It works on the user space, and it
can inject the IP packet back to the kernel space.

The self-authentication ability focuses on an
outgoing IP traffic, an original IP packet is
transmitted from client device in a local network
through the NAC before reaching the destination. At
the client device, the IP packet is redirected to the
user space, then the IP header is modified by the IP
header manipulation program, the modified IP packet
is injected back to the kernel space, and is sent out to
the network. The IP packet flow on the client device
is shown in figure 5.

r N & A
Local IP Header
Process Manipulation
- ‘ 7\ 1 ; - User Space
7 N N Kernel Space
mangle mangle
OUTPUT

POSTROUTING
A J

( ‘ N 1 )
nat filter nat
OUTPUT OUTPUT POSTROUTING
g J U 2

L 1

NIC

(Packet Out)

Figure 5 IP packet flow on the client device

At the NAC, the IP packet is received on an
incoming network interface, then will be bridged to
an outgoing network interface. The IP packet is
redirected to the IP header manipulation program on
user space for verifying the self-authentication
options in the IP header. For any valid IP packet, the
self-authentication options are deleted from the IP
header, and the modified IP packet is injected back to
the kernel space and is sent out to the network. The
IP packet flow on the NAC is shown in figure 6.

)
IP Header
Manipulation
User Space
s NG ) Kernel Space
NIC mangle

(Packet In) POSTROUTING
8 DAY J

‘ N\ {7 . 1 =\
mangle filter nat
PREROUTING FORWARD POSTROUTING
- ‘ P t . ‘
7 " -
nat mangle NIC
PREROUTING FORWARD (Packet Out)

Figure 6 IP packet flow on the NAC

For the operation of IP header manipulation
on client device, the particular program running on
user space deletes all IP options (if any) in the
incoming IP packet, then adds the UID option, the TS
option, and the HMAC option respectively. After
adding self-authentication options, the IHL value in
the IP header is increased to 15 (1111 in binary), the
Header Checksum value is recalculated as well.
Finally, the modified IP packet is sent back to the
kernel space.
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An action on IP packet on the NAC consists
of self-authentication verification and IP header
manipulation. All actions are described in figure 7.

Receive IP packet
from NFQUEUE

Extract self-authentication
options from IP header

Find the Secret Key on
database and cache it
for future use, return
empty key if not found

Find
Secret Key

Not
corresponded

Compare
Timestamp

Corresponded

Recalculate HMAC with the
Secret Key

Not
matched

Compare
HMAC

Matched

Remove all IP options and
send back to kernel space

Drop invalid
IP packet

Figure 7 Self-authentication verification

In part of self-authentication verification on
the NAC, self-authentication options are extracted
from the incoming IP header. The particular program
will find the secret key corresponding the UID option
in the cache. The timestamp is firstly checked. The
HMAC is recalculated with obtained secret key and is
compared with the HMAC option. IP packets that do
not pass timestamp checking and HMAC comparison
are dropped.

4. Experimentation and Results

There are four computers, two network
switches, and one Internet router in the experimental
environment. The computers work as a client device,
a NAC, and analyzers. The test IP packet is sent from
the client device to the Internet. IP packet passing the
network switches is copied and sent to the analyzers.
IP packets captured on the analyzers are used as an
experimental result. Figure 8 shows the experimental
topology.

Analyzerl

Analyzer2

Switch

Client Information [::]
IP: 10.100.1.3/24
GW: 10.100.1.1 > a

Internet Client Device

Figure 8 Experimental topology

In the figure, the client device has one NIC
(Network Interface Card) named ensl160, the NAC
has two NICs named ens160 (router side) and ens192
(client side). The NAC operates in bridge mode, the
two physical NICs are member of the bridge. In order
to redirect IP packet to the IP header manipulation
program, the following iptables commands are
executed on both NAC and client device.

# IPTables command for Client Device.
iptables -t mangle -1 POSTROUTING \
-0 ensl160 -j NFQUEUE --queue-num O

VvV H# H#

# IPTables command for NAC.
iptables -t mangle -1 POSTROUTING \
-m physdev --physdev-out ens160 \
-Jj NFQUEUE --queue-num O

vV V # H#

After sending the test ICMP packet from the
client device (10.100.1.3) to the destination (8.8.8.8),
Captured IP packet on the analyzerl and the
analyzer2 is decoded as displayed in figure 9 and 10.

Ma. Source Destination Protocol
— 110.166.1.3 8.8.8.8 ICMP
— 2 B.8.8.8 10.196.1.3 ICMP

Flags: @x82 (Don't Fragment)

Fragment offset: @

Time to live: 64

Protocol: ICMP (1)

Header checksum: @x4113 [validation disabled]
Source: 16.168.1.3

Destination: 8.8.8.8

[Source GeoIP: Unknown]

— Options: (46 bytes) __ _ _ _
B8 Bc 29 c2 83 cf @@ @c 29 3c b3 8d 63 80 4f B8
88 7c 28 de 49 80 48 81 41 13 Oz 64 081 83 B8 88

Ml T [7a @8 3@ 38 38 38 3@ 31 7b @a 35 38 62
GCELINSE 62 39 64 7c 16 88 9e 9a 49 2e 83
CEEIAR d5 3 27 d3 5 a3 al
2852 988 @1 o9d 8b b2 S8 6B @@ B8 88 34 95 B9 /0 68 a8

Figure 9 IP packet decoded on the analyzerl
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No. Source Destination Protocol Internet Analyzerl Analyzer2
—= 116.1608.1.3 8.8.8.8 ItMP —
S 2 8.8.8.8 18.1088.1.3 ItMP /( g g
\
1 - . S S
- Jdentification: ox28de (10462) NAC
Flags: @x@2 (Den't Fragment)
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Figure 10 IP packet decoded on the analyzer2

In figure 9, the self-authentication options
are attached to the test IP packet (ICMP) sent from
the client device. The identification number of the IP
header is 10462. The self-authentication options
including UID option (0x7A), TS option (0x7B), and
HMAC option (0x7C), as described in the section of
implementation, are inserted into the IP options field.
After passing the self-authentication verification, the
self-authentication options are removed and sent on a
wire as shown in figure 10. In another view on the
NAC, the IP header manipulation program running in
verbose mode also displays the same information of
the test IP packet, which is shown in figure 11.

363636 36 3656 336 3 263 4 307 3036 036 36 3636 36 36 3 3E3E 263636 3 36 3 367 HE36 336 436 216 2 MM I
IP packet from: 10.106.1.3 to: 8.8.8.8
Identification: 10462 (0x28de)

UID Value: 000001
T3 Value: 1488096157
HMAC Value: 889e9a492e03cb4f 3dd748d5f827d39d46e7ef I

Figure 11 Test IP packet displayed on the NAC

In another one experimentation, the NAC is
placed between routers. The test IP packet is sent
from client device and is routed to an Internet router
by an internal router. Network configuration and
iptables commands used on both client device and
NAC same as previous experimental topology. IP
packet passing the network switches and the NAC, is
copied and sent to the analyzers. IP packets captured
on the analyzers are used as an experimental result.
The experimental topology 2 is shown in figure 12.

Internet Router Internal Router Q;_
Network: IF1: 192.168.8.2/24
l1e.100.1.0/24 IF2: 18.100.1.1/24
Next Hop: GW: 192.168.0.1

192.168.8.2

Client Information
IP: 10.1@@.1.3/24
GW: 10.1@0.1.1

Client Device

Figure 12 Experimental topology 2

About results of sending the test IP packet
from client device, self-authentication options
inserted in the IP header are decoded and displayed
on the analyzer2, as shown in figure 13. After passing
the verification process on NAC, the self-
authentication options are removed. The same IP
packet without any IP options is decoded and
displayed on the analyzerl, as shown in figure 14. All
operations and results like the previous
experimentation. But there is one thing different, the
TTL (Time-to-Live) of the test IP packet is
decreased, from value of 64 to 63, because of the
routing process.

Ma. Source Destination Protocal
— 116.168.1.3 83.8.4.4 ICMP
«— 2 B8.8.4.4 10.106.1.3 ICMP

Identification: @x2d96 (1167@)
Flags: @x@2 (Don't Fragment)
i -
Lime to live: 63 _
Protocol: ICMP (1)
Header checksum: @x33b@ [validation disabled]
[Header checksum status: Unverified]
Source: 16.186.1.3
Destination: 3.8.4.4
[Source GeoIP: Unknown]
[Destination GeoIP: Unknown]
v Options: (48 bytes)
Unknown (@x7a) (8 bytes)
Unknown (@x7b) (1@ bytes)
Unknown (@x7c) (22 bytes)
Internet Control Message Protocol

@9 Oc 29 c2 83 cf @@ Bc 29 db 3e fe 68 @0 4T 60

Ba2e
ea3a
2a48

Figure 13 IP header with self-authentication options
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Mo, Source Destination Pratocel
116.106.1.3 3.8.4.4 ICMP
2 3.8.4.4 16.166.1.3 ICMP
188 .... Version: 4

. 8181 = Header Length: 28 bytes (5)
Differentiated Services Field: @x@@ (DSCP: (5@, E(
Total Length: 84
Identification: @x2d96 (11678@)

Flags: @x82 (Don't Fragment)

Protocol: ICMP (1)
Header checksum: @xf6a@ [validation disabled]
[Header checksum status: Unverified]
Source: 18.1e8.1.3
Destination: 8.8.4.4
[Source GeoIP: Unknown]
[Destination GeoIP: Unknown]
Internet Control Message Protocol

Figure 14 IP header after passing the NAC

In case of reliability test, the IP header
manipulation program running on client device has
been modified, to simulate sending of some IP
packets through the NAC. The conditions and results
of the simulation are list in table 1.

Item Conditions Accept| Drop

Sending packet with self-authentication

! options corresponding the design

Timestamp option on client device is
2 |increased/decreased before calculating .
the HMAC

Using different secret key between
NAC and client device for IP packet

3 with same UID in self-authentication °
options

4 Input parameters for calculating the .
HMAC do not meet the specifications

5 Sending packet without attaching the .

self-authentication options in IP header

Table 1 Self-authentication verification test results

In addition, when considering about the
mentioned network access control which are Captive
Portal, IPsec AH, and self-authentication options, the
key features of each methods can be compared as
shown in table 2.

Method IP IPsec | Captive
Features options AH Portal
Control accessing networks Yes Yes Yes
Anti-spoofing Yes Yes No
Per-packet self-authentication ekt (RS- No

Any Host

Not require for authe_ntlgatlon Yes No No
before data communication
Not require for session
maintenance UE Y A

Table 2 A comparison of access control applications

5. Conclusion

User authentication in an Internet Protocol
provides a new mechanism for verifying an identity
of device owner or computer user. It is especially
suitable to wuse with network access control
application. The key feature is a design of self-
authentication options. Data communication at IP
layer can be controlled by the NAC which can be
placed everywhere on the communication path. It is
similar to IPsec AH but it also works on LAN.
Without needing additional user authentication
process and there is no session to be maintained, it
makes data communication more smooth and
seamless. For security awareness, it also provides a
mitigation of replay attack and a prevention of
sending source-spoofed IP packet, which make
identifying the user more reliability. The
enhancement makes user authentication mechanism
look different.
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Abstract

This paper presents a design of the universal reader antenna applied for the ultra-high frequency (UHF)
- radio frequency identification (RFID) system with the operating frequency from 840 MHz to 960 MHz.
The antenna structure consists of S-Slot to produce the circular polarization. The total size of the reader
antenna is 120 mm X120 mm fabricated on the FR4 substrate with the dielectric constant of 4.3 and
a thickness of 3.18 mm. From the measured results, it is shown that the proposed reader antenna radiates
a bidirectional pattern with the circular polarization, covering the operating frequency from 660 MHz to

1050 MHz with axial ratio bandwidth of 46%. The axial ratio and gain at the boresight direction are 1.03 -
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dB and 3.23 dBic, respectively at 900 MHz which is the center frequency of universal UHF RFID

standard band.

Keywords : Circular polarization (CP), RF Identification (RFID), Ultra high frequency (UHF), Reader

antenna.
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Abstract

This paper presents the design and development of a metal classifying machine that uses
ultrasonic wave. The machine consists of a frequency generator which uses a microcontroller to control
the processes and create an ultrasonic wave of 40 kHz then sends it to the ultrasonic transducer. The
transducer has a function that transfers the frequency to the object and receives the reflected wave from
that particular object. For result evaluation, the reflected ultrasonic wave is transformed into an electrical
wave and measures the intensity of the reflected sound wave at a specific time. Using this technique the
machine can distinguish and differentiate metal types. Each type of objects has different density and
structure. Therefore, The reflected intensity are also different. By testing these variables,The machine can
classify eight different types of metal, Which are Steel,Copper,Brass ,Aluminum,Steel sheet pile,Stainless
steel, Galvanized steel, And Polished aluminum ,Show differences clearly accuracy and high evaluation
speed. Due to the small size and low cost price of the machine, it can be used in the industry efficiently.

Keywords : Ultrasonic, Microcontroller, Metal, Classification
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Abstract

This article studies characteristic and appropriate outlet diameter of cyclone combustion chamber
for the slop fuel in the laboratory to find cyclone combustion model with the least fly ash, using CFD of
the ANSYS Fluent v.15.0. Cyclone combustion model is 30 ¢cm in diameter and 100 cm in width of
combustion chamber. The results showed that average temperature in combustion chamber and the
amount of fly ash in cyclone chamber model with hollow cylinder for trap fly ash is higher than cyclone
chamber model with cone cut for trap fly ash. Therefore, the cyclone chamber model with cone cut for
trap fly ash suitable for burning slop fuel is diameter 8-12 cm and extends into cyclone chamber 5-10 cm.

Keywords : Cyclone combustion chamber, Slop fuel, Computational Fluid Dynamics (CFD)
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i Inedevenuny nouvaianianuesnis TasaSaaufilinnmgs 120 wasans ﬂ‘]J‘W“L!ﬂ‘Ll mﬂuummmﬂm
qunsalianas wazfimnevesauiiszAunnuga 60,90 iaz 120 mmuavmummﬂmaﬂﬂmmmmw ANy
M uag ammnmmmananma mamawnq 10 wifiazgniiuiinfindestiufindoya (Data Logger) 1Fumnm
fadeiu 47 Ao Gudwd Weuunsian 2012 Fa ieusunan 2015 Foyaauit Idvinndinsziludeaaaiiu e
1 s10idou uazso iy Taoldmsnszaredaunnlongad (Weibull Distribution Function) wamsfinyuaadlififiud
A raumaailiissdunanugs 60,90 az 120 wasmilofiuau Ao 2.84, 3.41 ua 3.96 wasABIUTR AW
firmeaudaungiananniiaas ueonuazaz fusonidsunile luswananfuanuiiauszgeniilugig
¥94198N193Y  shape 11AZ scale parameter maﬂmumumumaﬂuﬂm 1.67 T4 1.82 uag 3.19 fi4 443 wasdo
il awddy Midaay (Power Density, W/m? ) umwm 36, 55 1A 98 TARABMITIINATANING 60, 90 naz
120 wasawedy Foyaaui Idnnmsanulunfaide lduilunnuifideudaed Bimnzausunsaadeai
amum“lmuuwamiwammuﬁﬂﬂﬂﬂumwm% ugomani hidszgndniugiumsldndanunnumeriiadiie
Hudmnsnyas wu masshiaiuaunadndientsgui ity

@

o o w o o )
Mmddy: wasnuan, Sandanuesaie, lyadiaddu

Abstract

In this paper, wind energy data of Nong Khai region was analyzed base on 10-min time interval
recorded with 4-year data from January 2012 to December 2015, the wind mast station is located on area
of Khon Kaen University (KKU) at Nong Khai campus. Wind speed and direction at height of 60, 90 and
120 meter above ground level (agl) were recorded. The result showed that annual mean wind speed of
2.84, 3.41 and 3.96 m/s at 60, 90 and 120 m agl were reported in this study and the majority of wind
direction was East (E) and North-East (NE) direction. The annual Weibull shape and scale parameter were
showed that 1.67 to 1.82 and 3.19 to 4.43 m/s, respectively. Wind Power Density in this area was 36, 55,
98W /m? at height of 60, 90 and 120 m agl, respectively. The wind speed data from this study is quite low,
therefore it is not suitable for grid connection but might be suitable for local application such as water

pumping.

Keywords: Wind Energy, Nong Khai Province, Weibull Function
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-ANNA HulsAusuanuEIay
-TF (m/s)=(Hz*0.765)+0.35

Wind Vane NRG -Measuring Rang 0-360 ©

NRG #200P System | -¥29311974 -55 84 60 °C
429911970 0 §9100% RH
-01glFu 28461

Pressure Sensor NRG | - 929gmmgiienis 109950 °C

NGR BP#20 System | - $ANWAU 15 B3 115 kPa
Thermometer NRG | - $29gmvgie s -40 5353 °C
NGR #110S System

RH Sensor NRG | - %2991197% Max 100%RH

NGR #RH-5X System

2.3) mnﬂmumamau

mauaanmwm 4YAnnenuey nﬂuumﬂm
“l,uﬂa'muumﬂmamwﬂ 10 um mauammuﬂ Qn
e wclumqaa@l Aunao 3101 ooy nag
s Takamsnse z0omvesteyanuy lyad il 1V
‘mm Shape L1ag Scale Parameter 1ULARZTEAUAIN
mmmmumuawuﬂu

Tumsdanudoyaaunieauzinnuigi
mssaR Taoasaianilaay minmsimiaiuin
Yoyavesnded Daa  Logger tieifuiinasyg
ARNNIADS ﬂ’l’auaauﬁ”lﬁ'mﬂﬂém Data Logger 9%
nJuumﬁna RWD #20a21w3 1 Sude 1 g uay
N aﬂmmﬁﬂi zuaunmsuadvadiulng
wwana .TXT nmiwaziinllsacealuTsunsy
Microsoft Excel ttaziimsdinszyiae 11 daanaly
51l 4

2.4) nquiinedos
< 4 1
ANNGIANINAY (Mean Wind Speed) t1ag AN

118910 UNIATFIU (Standard  Deviation, o ) 1118010
aun1s (1) uag (2)

- zn:V| (1)
i=1

o’ = LZ(vi -V,) )
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q

Llli’) V ﬂ’f) ﬂ'J"IllLi’JﬁllLﬂﬁEl n ﬂi‘)"l]TLl?]u
"’UEHJ’G‘I/NWEJ@‘I e o ﬂﬁl A1vD4 Standard Deviation
(SD)

l_,,s_w... o

31/ 4 uamamssanmsdoyaay

ﬁnﬂ‘szﬁm%muﬁaumman(Wind Shear
Coefficient (WSC), & ) M1 18910 1uduius sz 1
mmﬁwmmlmumﬂamm zanuiianiiialdd
Tuudasiuiifos uﬂ’nmmnmdnuaﬂn"lﬂ 113
AUIBINMNANMIA (3)

a

V_2: & (3)
V. (h
Lﬁﬂ h ﬂﬁ]i W]Jﬂ'ﬂllﬁ'\i WSC i]“’ﬁ

5 Tﬂ%uslumﬁmmmmmuaauuanmqvwnmi

WEST

_BOUTH

s
@

SOUTH

19939 (Extrapolation Method [11]) gasogusulu
qm%”ﬂﬁ"lﬁ'ﬁmﬁjﬂﬂamﬁ'aauﬁﬁxﬁu 60, 90 Uag
120 wasvieNuauuay 1nAv8Y WSC 714
mmmmmmw1m1mmanmmmm 150 A5
miloiuanldde
M3nszaeRIveIn NS 1au Taeia live
SnvazihuuuuntlUdhaladhaniia (Skew Function)
F9190190130520 108 VU ANWINT (Normal
Distribution)  WasFufifiowiieriunansogia
unsviarwie TayadWandu (Weibull Function) [3, 4,
5, 11, 16, 17] uamfﬁas‘fﬁeﬁﬂ?u (Rayleigh Function)
Iyyadilsruazsznen ludremnimesidiia 2
@1 Ao Shape Parameter ( k) 1ta2 Scale Parameter (C)
M5 k,C  uaynIsHInuIIAINS ALy
(Cumulative distribution, F (v)) awnsantldninemn
N5 (4-8) Lﬁf) I’ Ao Gamma Function [3]
isdadlandu (Raylelgh Functlon) deidu
ﬂim‘WLﬁHﬂlfJﬂ’mﬂﬁﬂﬂ"lm‘ﬂ Fanafiardlszney
31319 shape parameter (k) 13111 2 Had 140N
ienszuinalsdsulayaduay Liffmffﬂaﬁﬁﬁuﬁa
"l’maafnflwﬂ’nmmummw [12] Lummnmk Vo4
”huaa Sufausimngzavvosauluudaz i

WIND SPEED
(mis)

. [ [
o
-
L=

...SOUTH

31U 5 NANAURAENTNTIM IR UBIA1BVDINNTEAUANINGA

f(V)= (%j (VF]M exp —(V?jk 4)

— (5)
V

—V—m (6)
CT(1+1/k)
X) = It“ exp(~t)dt ™)
0

k
F(v)=1-exp —(%) (8)
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AUNU U UUBINIAIAN (Wind  Power
Density (WED),W/mZ ) w1 l8nnansd ) sl
Winaseiiuimiida sidsauszulsiumsaaui
anudau Aeiiinanemidanie auEam (V)
Lmzmmwumﬁummmmﬁ(pAir) Faaunsi (9)

WPD = % A ©)

3. Han1339y

3.1) mamamaaﬂimﬂ (Annual Mean Wind Speed)
A5 2 Lﬂuﬂmmmmmmmaumaﬂ

uazﬂ'nummummgmmmgum 4 3 fszduany

460, 90 uaz 120 wastvilonuay

M13199 2 ANUGIANNFEETINTIN AN 0IAY

AU (m) ANWITIaY (m/s) SD (m/s)
120 3.96 2.46
90 3.41 1.86
60 2.84 1.63

wav N Aseiinu fissAuauga 120
wAsaZEANIS IANGIFALAZ ANAINIAINTTAUAIIN
4971 90 A3 HAEfiszAUANNS 60 1WAT AAIAY
msﬂﬁzmwi"'mmﬁﬁmmnﬁﬁzﬁummqaﬁ%a 3
sedy daaaalugiii 5 femsangauenuaslaeld
T1/5un3n WIND PLOT [13] anaauIngagwaniain
maﬁﬂmi’uaaqmazﬁﬂmi’uaamammﬁa@uﬂuau
wsgulsziggiuiivenlszme lne anusramade
Algsaruiunnuiaau Class 1 [14] Fufluniua
aufineudiaaz

3.2) %’ay’aauméﬂﬁmﬁau (Monthly Wind Speed
Variation)

mmﬁmmﬂéa“lumiaﬁ @Tﬁuﬁﬂﬂuiﬂﬁ 6
mwmmamaam :Jmmziaﬁmﬂcluﬁmqumm
menmmauwnmmaummauuﬂimu ]
wurTduanaslugeggdounazngiuaudiay g
uanaluased 3
M7 3 anwdinumdsluudazggma

ANUITIANNAY (m/s)

gana
120m | 90m 60 m
9AMUI (W8, —3.A.) 433 | 372 | 3.10
9950U (N.W. - W.A) 400 | 348 | 294
9oy (1.8 - a.0.) 370 | 3.17 | 2.60

33) Yeyandm3iawmadesiaTy (Daily Wind
Speed)
= < 1 A '
auIziANWII INEIIINANAUNIANI
9
grnamnarinlunnszauanugunilonuau @
paaalunsizlf 7 uaza1s1ed 4 FuifFeuiien
3 ' @ 1
anwisravluriwianarsiunaznanauluuaas
FLAUANNGI

120 m agl
3
7
— B
&
E
-
o
o
O
n
=
=
= 2
1
D T T T T T T T T T T T 1
Jan Feb Mar Apr May Jun July Aug Sep Oct MNov Dec
== 2012 == 2013 2014 === 315 =—fp—AYG
90 m agl
8
7
— B
-
Es
T
B g A = -
n " - F
= =
£ - e
= 2
1
D T T T T T T T T T T T

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec
== 2012 =-@= 2013 2014 == J015 =—=—A\G

60 m agl

Wind speed (m/'s)
i

o T T T T T T T T T T T

Jan Feb Mar Apr May Jun July Aug Sep Oc Nowv Dec

-p= 2012 == 2013 2014 = wmie= J015 e—— AN

P < A A A
310 6 anuFraumasaneuluunayll

3.4) usuNeUaN (Wind Shear Coefficient (WSC))
°1uﬁﬂ°n 8 uﬁmauamwummm@ﬂamnu
ﬂummgimu“lusﬂ‘w 7 nanslifiud wse mae
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q

YoIUTNUANIIAANEIAY 5219 60-90 m Ao
0.48 WSC 52%713990-120m ﬁﬂ 0.23 iag WSC
32719 60-120m Aip 0.38 dauauMA T WSC 521319
60-90m ﬁmmmﬁmmi}1ﬂm'§llﬁ'§u§m§wammmm
VIVTE 6IJEAN‘WMIN’J (Surface Roughness) Tuvay mmnu
ANUITIAUUDNFIINAIGS 150 Ao MUAE
awsalFaunmsi 3) cm"lﬂmm‘u 4.17 1WA5A9IUN
iiel¥h wsc i 0.23

3.5) milmm!mminiumﬂéfﬁlmﬂi’fauaawﬂéﬂ

M],ﬂ‘l]1ﬂfniﬂ?iiﬁ?ﬂﬁaﬁﬂﬂﬂfuﬂiwﬂﬂﬂQWN
fN 60, 90 Ltag 120 mmmuﬂwuﬂu ﬂﬂllﬁﬂ\ﬂuﬁﬂ‘ﬂ 9
Iﬂﬂll Shape 4oy Scale wwmmmmamm%wnmw
fl"]Elﬂ Gl']ll@l']ﬁ'l\ﬁ/] 5uae ﬂ'J11Jﬂﬁ @ (Cumulative
Weibull Distribution) @N:J.‘IJVI 10

~—-120m agl. -8-90 m agl. 60 m agl.

e,

Wind speed [m/s)

Hour

iﬂ 7 Llﬁﬂ\iﬂ’ﬂhﬁiﬁhﬂﬂ%’ﬂﬂ\i

U

A < i =1
A1519% 4 uaasanuTaumasTeuiiey luna
AANTULAENANIAY

3 a
ANULTIANURAY (m/s)
120m | 90m | 60m

¥9a1

A9 (07.00-18.00 1.) 3.08 2.98 2.58

naNAu (18.00-07.00 U.) 4.23 3.86 3.04

fotuamilugunsalflfinen/Geunden
ﬂaﬁ%mamﬂuwa‘”mu"lvi% Aarfuauna izl
AN IaURS AU (Cut in speed) Tt szanas 3-
5 ms uawwwwaﬂmﬁwmmwaﬂmﬂummmﬂww
(Cut out speed) 1/1 25 m/s mm“ﬂ’n 9 uag 10 mam
mauamﬁmmgﬂ%umﬂunumwuaum cut in
speed 113, 4 wag 5 mis g lddadaunnuminaiy
Y0IANTIAUATAIMINAT Cut in speed Fanaasly
a1t 7 lefinsansandeyaiininn 3 ms oz
Tidad s 58.7%, 53.4% uag 41% AANNGI 120 m,
90 m 1aT 60 m MWW uazvzdeAndet U

L s e e B e s S B e e L ms m s s
O 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23

< <
AT 4 m/s 1A Sm/s DNAIY TABImMIZAINTIaN
1NN 5 m/s AN 60 m Hdadaud laida 10%

3.6) Masan (Wind Power Density,W/m2 )
fdaamndsfinnugeaieg deuaaaly
a5 6 MdsauzlsiumdimuiunuEaay
adluaums TiiFadu (Non-Linear) 1iioauiinnué
wnidsauiaziiannnmulidrs Snlszmanilsie
MdsanszulsiuasaiuaunUIiuYe 1IN
wumuummmmn MANUHUILUUYDIDINALIL
‘mwwwuwaiﬂﬂmmammauﬂﬂ

=4=W5C 60-90 m agl. =m=WSC90-120 m agl. WSC 60-120 m agl.

Hour

3 1 8 Daily Wind Shear Coefficient

——120 m agl. =——90 m agl. 60 m agl.
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3.7 qmﬁgﬁmmmmﬂ (Air Temperature;, T) AU
AUVTIENIA (Air Pressure, P) unzmm%uﬁuﬁ’ﬂ%
(Relative Humidity, RH) v@3a1maniaofinan
Rgmiudin1findoniufindoyaimuiu &
waraalugiliitl uag 12 wwfudguvginaniaay
%zaﬂ@i’mﬂwﬁam@yun iAo WYATMIBU D9 1ADU
wns1ay nazazgaiulusiudeumsioulauds
AoUNYUIOY AIUANVAUDTTONAIZFIgAlUYY
HUMFINABUNYATNOY Be AouNNTIAN taz Ty
duvosnnurudIin luemsaizgagalugary
sEnINRoulguIBuigaIny

A a J o =
A5 N 5 W WADIMINTZEAIT 18T

M3190 7 daaIuanuE1auNNn 3, 4 1ag 5 m/s

% NAVGA (m)
Cut in (m/s) | Cut out(m/s)
120 90 60
3 25 58.7 534 41.0
4 25 42.7 339 21.7
5 25 294 19.2 9.8

ANNFI (m)
Year Parameter
120 90 60
V (m/s) 3.74 3.43 2.81
SD (m/s) 2.18 1.84 1.64
2012
C (m/s) 421 3.87 3.16
k 1.79 1.97 1.80
V (m/s) 3.80 3.50 2.87
SD (m/s) 2.22 1.91 1.68
2013
C (m/s) 4.28 3.94 3.23
k 1.80 1.93 1.79
V (m/s) 4.20 3.36 2.80
SD (m/s) 2.80 1.86 1.64
2014
C (m/s) 4.67 3.78 3.15
k 1.55 1.90 1.79
V (m/s) 4.07 3.35 2.86
SD (m/s) 2.56 1.82 1.58
2015
C (m/s) 4.55 3.77 3.22
k 1.65 1.94 1.90
V (m/s) 3.96 341 2.84
SD (m/s) 2.46 1.86 1.63
Average
C (m/s) 4.43 3.84 3.19
k 1.67 1.93 1.82

M3 6 MA@UDTENANUGIANNY

ANugs | AnwiEiaums) | masauW/m?)
120 m 3.96 98
90 m 341 55
60 m 2.84 34

=+=Temperature (°C) =#=Pressure (kPa)
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°1m611c61ﬁuﬁ'iTqm"ﬂwumﬂmiﬂﬂmiﬁ‘m%yaamm
mﬁﬂﬁqﬁﬁzﬁummgq 60, 90 AT 120 IUATIH D
fuauiunaradosu 4 7 sznded 2012 892015
Joyai Iduaadail

ﬂ'nm;%'mnmﬁﬂﬁizﬁnmmqq 120, 90 U@
60 NATIMHONUAUAD 3.96, 3.41 LA 2.84 INATAD
Junf awddy nezla sy 417 ms finug
150 wasi 1danmsmuianente luvasfinanig
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ALIUDON
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Abstract

This research studies and evaluates the plant location alternatives of biomass from cassava roots in
Phitsanulok province. The alternatives are three districts such as Chat Trakan, Wat Bot, and Wang Thong.
We apply the Analytic Hierarchy Process (AHP) to evaluate the important weight factors which include
raw materials source, transportation, infrastructure, power and fuel source, and labors. The raw materials
source is the most important factor from the expert’s decision because the raw materials source affect to
product cost and the cost of long term commitment. The result shows that Wang Thong district is the most
suitable for construct plant of biomass from cassava roots in this province with 0.40 of the important point.
While Chat Trakan district and Wat Bot district has 0.33 and 0.27 respectively.

Keywords : Analytic Hierarchy Process, Biomass, Plant location
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Abstract

The continuous feeding sugar cane polishing and peeling machine was developed from the previous
polishing one which had low performance because the sugar cane stalk was damaged. The new model
adds the feeding unit in front of the peeling unit and spring to suit the diameter of sugar cane stalk. The
speeds of the feeding unit were conducted at 16 rpm, 24 rpm and 36 rpm in conjunction with three speeds
of the blade mechanism at, 864 rpm, 1080 rpm and 1152 rpm respectively. This study can be concluded
that the optimum rotational speeds of the feeding units and the blade mechanism are 16 rpm and 1080 rpm,
respectively. These paramters resulted in the highest working capacity of 115.86 kg/h with the polishing
capacity of 91.06% and the weight loss of 19.01%.

Keywords : Juice cane, Feeding, Peeling
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Abstract

This research studied influences on penetration and retention of disodium octaborate tetra hydrate in
Full-Cell process. The conditions of experiment were held 0.2 bar vacuum pressure, applied 8, 10, 12 bar
pressure and hold 0/60, 10/50, 20/40 (min/min) vacuum/pressure time. The results show that, 10 bar
pressure and time 0/60 give the highest %BAE (boric acid equivalent) results about 1.11, 14.82 ppm.
Compare with wood standard from factory witch boron concentration was 1.982 ppm. When time
condition were 0/60 to 20/40, provide a decreasing trend of boron retention .When time condition were
0/60 and pressure increased from 8 bar to 10 bar pressure, provide an increasing trend of boron retention.
When the pressure was raised from 10 bar to 12 bar pressure, provide a decreasing trend of boron

retention
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Abstract

This article presented the recommendation to support the visually impaired in traveling to schools or
workplaces by using a questionnaire to collect data and making a binary logit model. The model was based on
the utility theory using SPSS program. The study indicated that at present most of the visually impaired decide
to travel by the public buses about 24.7%. The factors that significantly affected the choices of bus mode were
the fares and the level of education. The model was well estimated with the accuracy of 84.0 %. The findings
are useful for the relevant authorities to understand visually impaired. The authorities should control the fares

for them at a price range from 20 to 30 baht per trip or at 25.50 baht average per trip.

Keywords : Visually Impaired, Mode Choice, Binary Logit Model, Bangkok Metropolitan Region
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Abstract

This paper presents parametric studies of bearing capacity factor of T-shaped strip foundations in clay.
The footing has a connected part projected from the center of the footing and embedded into the ground.
This part increases the stability and performance of the footing subjected to eccentrically inclined load or
moment. The two dimensional finite element with plane strain condition was employed to determine
stability of this problem. The computational result is bearing capacity factor (N) which is a function of
ratio of embedded length and width (D/B) and ratio of eccentric length and width (e/B). The results show

that the solution of N_ increase with an increase of D/B and a decrease of e/B.

Keywords : Numerical Analysis, Plane Strain, Finite Element, T-shaped footing
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Abstract

This paper presents the application of image processing (IP) technique using size-based multiple
erosion method which is derived from the watershed transform method to determine the percent retained
of aggregates in asphalt concrete. The method uses scanned cross-sectional images of asphalt concrete
specimens as the input and yields the percent retained on standard aggregate sizes as the results. The
statistical analysis reveals that the percent retained results obtained by the IP method are not different
from those obtained by sieving method in laboratory. Moreover, the statistical analysis shows that the
bigger image area and the more number of sectional images can reduce the deviation of the percent

retained results in reference to the sieving method.

Keywords : Asphalt concrete, image processing, aggregate gradation, sieve analysis
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Effects on Deflection and Stress in Balanced Cantilever

Bridge due to Modification of Construction Plan
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Abstract

In this research, SAP2000 program were employed to analyze a cast-in-situ pre-stressed concrete
balanced cantilever bridge. Construction stages were taken into account. The bridge main span is 80 m
and was designed according to AASHTO LRFD 2012 standard with 7 days/segment construction duration
(Ty) using movable formworks with 450 kN weight each (CE). This was compared to cases where
construction plan was adjusted, i.e., Tg = 10, 13, or 16 days and/or CE = 517.5, 585 or 675 kN.

From the analyses, deflections and stresses were obtained at various points and at various times.
Important values are difference in deflections between cantilever ends of the beams at mid-span of the
bridge before joining (A”) and stresses in beams at pier segment and at mid-span at 10,000 days after
joining (G). The values in cases where construction was as planned and was adjusted were compared and
shown in graphs. A" was maximal at 40.5% when T, was 16 days and CE was 675 kN. O was maximal at

20.1% when Tg was 16 days and CE was 675 kN.

Keywords : Balanced cantilever bridge, Analysis with construction stage, Modification of constructio
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